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Fore"word 



T HE rapid evolution of constructive methods in recent 
years, as illustrated in the use of steel and concrete, 
and the increased size and complexity of buildings, 
has created the necessityforan authority which shall 
embody accumulated experience and approved practice along a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building is designed to fill this acknowledged 
need. 

C There is no industry that compares with Building in the 
close interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is today as much out of place on important work as 
the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

C Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 
expert, but one that will commend itself also to the beginner 
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Fore>vord 



1 HE rapid evolution of constructive methods in recent 
years, as illustrated in the use of steel and concrete, 
and the increased size and complexity of buildings, 
has created the necessity for an authority which shall 
embody accumulated experience and approved practice along: a 
variety of correlated lines. The Cyclopedia of Architecture, 
Carpentry, and Building: is designed to fill this acknowledged 
need. 

C There is no industry that compares with Building in the 
doee interdependence of its subsidiary trades. The Architect, 
for example, who knows nothing of Steel or Concrete con- 
struction is today as much out of place on important work as 
the Contractor who cannot make intelligent estimates, or who 
understands nothing of his legal rights and responsibilities. A 
carpenter must now know something of Masonry, Electric Wiring, 
and, in fact, all other trades employed in the erection of a build- 
ing; and the same is true of all the craftsmen whose handiwork 
will enter into the completed structure. 

C Neither pains nor expense have been spared to make the 
present work the most comprehensive and authoritative on the 
subject of Building and its allied industries. The aim has been, 
not merely to create a work which will appeal to the trained 
expert, but one that will commend itself also to the beginner 



and the self-taught, practical man by giving him a working 
knowledge of the principles and methods, not only of his own 
particular trade, but of all other branches of the Building Indus- 
try as well. The various sections have been prepared especially 
for home study, each written by an acknowledged authority on 
the subject. The arrangement of matter is such as to carry the 
student forward by easy stages. Series of review questions are 
inserted in each volume, enabling the reader to test his knowl- 
edge and make it a permanent possession. The illustrations 
have been selected with unusual care to elucidate the text. 

C The work will be found to cover many important topics on 
which little information has heretofore been available. This is 
especially apparent in such sections as those on Steel Construe- 
tion; Reinforced Concrete Construction; Building Superintend- 
ence; Estimating; Contracts and Specifications, including the 
principles and methods of awarding and executing Government 
contracts; and Building Law. 

C In conclusion, grateful acknowledgment is due the staff of 
authors and collaborators, without whose hearty co-operation 
this work would have been impossible. 
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ARCHITECTURAL DRAWING 

PAirr I. 



Instruments and Materials. T\\v study of im^c^hanical draw- 
ing hits uciiiiainttHl thr stnd«'i)t with tht* list* of the oRlinar)' drawing 
in.stniiiuMit.s and matcriaLs. Those nH|uinNl for architi'Ctural work 
are substantially the same. 

Pencils. S>ft pt*n(Mls aiv us<hI; a draftsman cannot have ail- 
vanced far in al)il!ty iN^fort* lM'CH)min^ familiar with tlie B B {)eneil, 
which will dniw any line, fnim the finest to tht» coarsest, and give the 
greatest freedom for all kinds of work, fnnn sketching to full-size 
details. 

In architects' officvs it is an almo>t invariable nde for the new- 
Bedged student and youn^ tlraftsman to us** hanl jH»ncils — "nails," 
as tliey aiv calUnl by mon* exjH*rienee«l men. A soft jK*ncil gives a 
mudi more a^^nvable e\|>n\ssion of ideas cm {>a|HT than a hard {H*n- 
dl; the latter should Ik* n-servetl for mechaniral work. Tlie drafts- 
man must not allow himx-lf to U^eome l(\ss accurate an he gains greater 
freedom, ami the us4» of a soft jx-ncll gives no excust* for a careless 
or slownly dniwing. II 11, F and B B will 1h' found the most useful 
grades. For layni): out work, II II is often used. 

Erasers. The nott^l anliitei-t, II. II. Hiehanlson, said tliat 

**an eraser is a draftsman's !k .st friend. " For work on detail pajH-r, 

a finn rublKT is \H*>t, but a soft nil)lKT is mo^t s<T\iceable for n^mov- 

ing onlinarA' ]M'n(-il mark.> fnun all kinds of pajHT, inrluding the thin 

tnu'ing pajM-rs, without injury to the surfan'. It will l)e found that 

tile era'^^T can U* fn*ou«-iitlv \\^'i\ in stuilviuL' «nitliiifs. and it is the 
custom I'or rapid draft^nitii to jit tlir jmimH linrs run where the\ 

will, tnistin;: to iIm* rraxT to luakr the outline true. A lar»^» si/e 

ink eraM-r will U* foiirnl caNii-r on tlu* hands than a snudl one. In 

niakint^ rra>un-s a tyjx- writer's >hi*'ld of nu*tal with dilTereiit siz«'s 

I'-.f •k-irnf.i: Tin- t»'Xt aikI H«»vtr.il <»f the llIn«itrntlMns In AH* iiiTi;<TriiAL I>iia%iin«. 
Ih« rn-::- h %*'-rU, i;i«']ii« ittN ft Th<*-"rl»« ili« I'An lilt»-vt»rf, Vi-I. 1 . l-y (.;u.iil«i. h.%-% \***u 
ilrA« II i-ii fr» • ly. TU** i't.iT Vi»lini.»-'* <»f tl.N^'-rk l»y«;uiil«' iMttiiot !-♦ t.'<» hU'hIv r»s-..:ii- 
lu«'t<-:'-l r.V' M T* •■-•• ti-it ;:kri)!li.ir \M'h the Kp-in'h l.iii*:it.t)^e x« '..1 t.iil It uD ••\%'vllvi*l rvi 
mwvu^f W'irW iiu .icoiuut uf ibf ouiUtiroun useful llluj»tr»iirus tt cduuiIu^. 
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2 ARCHITECTURAL DRAWING 

of openings, corresponding to the erasures to be made, called in 
draftsman's parlance, the "office goat," is useful. Holes can be cut 
in cardboard or detail paper for this puq^ose. 

Set of Instruments. Good instruments are a<lvisabl(*, as it 
is hard enough to make good drawings, even with the best. Com- 
passes with pencil and pen points and extension legs; large and small 
dividers, bow-pen and bow-pencil, and two ruling pens, form the 
usual equipment of the architectural draftsman's instrument cas(\ 
Besides these a simple form of proportional dividers will be found 
veiy useful, especially in changing drawings from one scale to another, 
and also when it is desired to translate a rough sketch into a definite 
scale, preser\ang the proportions of the sketch. A small protractor 
will be sufficient for the rare occasions when an architect lays off 
angles to a given number of degrees. 

Beam compasses are useful, though many offices have only 
long straight edges and carpenters' clamps for this purpose. Some- 
times a taut string wdll serve the purpose where perfect accuracy is 
not required, or two points on a straight edge may be taken, one 
point being held with one hand, while a curve is struck from another 
point by a pencil held in the other hand. 

Drawing: Boards. It is necessarj- to have two drawing boards, 
one a "Double Elephant" size, 28 X 42 inches, to accommodate 
paper of a size called "Double Elephant," w^hich is 27 X 40 inches, 
thus allowing I inch at the sides and an inch at the ends; the other 
board 23 X 32 inches, to accommodate the size of paper called 
"Imperial," which is 22 X 30 inches. It will be found convenient 
also to have a small " Half Imperial " board 23 X 16 inches in size. 
These boards should have a straight grained cleat at each end, or 
should be entirely surrounded with a framework of hard wood, having 
soft wood in the center. Cherry makes a good hard wo(xl for the 
frames or ends, and pine or white wood for center. In many offices 
the boards an» made entirely of pine or white wocmI, but it will be 
found prc^ferable to have better miule boards, and to take good care 
of tliem, keeping them square. If adjacent sides of tlie l)oard make 
a true right-angle, the T-square can be used on these two sides, which 
is an advantage in drawing long lines. When the boanls have cleats 
at the ends only, however, it is always necessaiy to use the T-square 
from the left-hand end only. 
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Triangles and T-Squares. Theix* art* 'r-s(jiiart\s to cor- 
rr5|>on<l to the sizx* of tlie boanls. Tin y an' usually made of strai^'ht, 
fine «:raineil hanl woo<I. The simplest form of fixed T-s(|uare will 
Iw found the most satisfacton' for general ofliee use. As even the 
Uvst an* apt to van*, it is a good idea to numlnT ever}' T-sc|uare in the 
oflue and note the number on commeneing a drawing. If, however, 
the 'r-s<juart» is changed, and the new s<|uan' d(H\s not lint* up with 
the c)ld work, a thumb tack in the edg(» of the head nt^xt the drawing 
boanl may be used to bring the blade into line, as shown in Fig. 1. 
Thf < Ira wing vd^' (upptT e<lge) of a T-square should never Ix* used 
as a straight edge for pajxT cutting. 

Two triangles aw riMjuiriHl, one 30 degrees to GO degn^es, and one 
of 4.') degnvs. Triangles an* made of wood, hanl rul)l)er or a»lluloid. 

riaterials for Wash-Drawings. For tinting, a luvst of tinting 
siuic^rs, bnishes, a soft sponge, large blotters, a stick of India ink, 
a slate slab for grinding it, a 
half cake of carmine and a 
half tul>e of Prussian blue will 
make a goo<l iH'ginning. 

Paper. Paj>er comes in 
certain conventional sizes. 
** ^^'hatman^s pajxT " is mo>t 
easily obtaincnl in two sizes, 
the ''imix'rial," 22 /: 3()inches, 
and " Double Elephant," 27 X 40 inches, and is a useful paper for 
all-around architectural work, binng gocxi for jxTicilling, inking in, 
iiml wash drawings; colors can lx» laid on it even after erasures 
have \)cvn made. The ^^^latnuln '* hot-prt\ss<Hl " pajx^r has a smooth 
surface and is gi'nerally us4h1 for fine [x*ncil or ink drawings. Tlie 
^^^latman **coM-pnvss«Ml '* pa|x^r hasa rough surface and gcxnl texiurc, 
an<l Ls us<ful f«»r all-around work. 

Tinted Papers. CI ray or other colonMl pa|H'rs are fn'fjuentlj 
mnploynl. jx*ncil or |M»n and ink being ust»<l for the line< and sha<lows, 
an<l chalk or (*hine>e white for the high lights. Pastels anil water 
cidors are us<*d on special colonel pajx*rs; "scnitch pajxTs*' are those 
on wliich white is obtaine<l l»y S(Tat<hiug thn)Ugh the colored .surface 
of the pajXT. Some of these pajX'rs, including buff or manila detail 
pa{>er, have already been fully descril)ed under the subjei't of mechan- 




1 U'. I. TS<iu;iro with Thumb Tack. 
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ical drawing. Tlic process of stretching paper is also there 
descril>ed. 

Tracin^^ Paper. In architectural work a great deal of tracing 
paper is used. A cheap manila tracing paper is convenient for rough 
preliminary studies not intended to be preserved. "Alba," a white 
tough tracing paper, and "Economy," a cheaper form, are very good 
for pencil sketching and also for careful pencil drawings. Rowney's 
English tracing paper is very transparent, is good for accurate pen- 
cilling, and takes color, but becomes brittle w^ith age; it is, however, 
the best paper for careful studies of architectural work. Bond paper 
which comes in sheets 20 X 28 inches, is very useful for working 
drawings of small frame houses, as the drawing can be inked-in and 
blue prints taken directly from this paper without the necessity of 
tracing. 

Some offices make many of their details in black pencil on this 
paper and where work on different houses is similar, let blue prints 
of these details serve for eaph new building. 

Tracin^^ Cloth. Tracing cloth is used for important work 
where the tracing will l)e roughly used or where changes are likely 
to be made in the drawing. In drawing on tracing cloth, there are 
three ways of making the ink flow wtII: (1) The most common is 
to rub powdered chalk over the surface, dusting off the superfluous 
chalk; (2) Benzine applied with a towel will clean the cloth; (3) 
Oxgall, a preparation obtainable at any artists' materials store, may 
be mixed with the ink. Sometimes pencil drawings are made directly 
on the cloth, and after inking-in benzine is used to remove all pencil 
marks. As a rule, the rough side of the tracing cloth is used, but 
some draftsmen prefer to ink-in on the smootli side, thinking they 
can make a cleaner line, and then turn the cloth over to color the 
drawing on the rough side with water colors or crayons. 

Scales. Scales for architectural work are like those used for 
mechanical drawing, one-<jujirter inch to the foot for working draw- 
ings, and three-quarter inch to the foot for details, being the cus- 
tomarj' scales used in American offices, though some offices use one- 
eighth inch to the foot, with one-half inch to the foot for details — tlu* 
custom usually followed in England. It is customary to make full- 
size details of mouldings and of special constnictive parts. Three- 
sixteenths inch to the foot is sometimes useful as a S'^a^e drawing, or 
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in laying out Mairs in section, as will l)o descrilxMl later. This scale 
i.^ aLs4) freijiiently uschI for exhilntion drawings. One and one-half 
inch to the fiK>t, one inch to the f<H)t, and thn»e indues to the f<H)t, arc* 
alsit UM»d. For the scale of tlm^e inches to the f(X)t, the ordinary 
c|uarter-inch sc*ale may Ik* rcuul as inches instead of fcH»t, as one- 
c|iiarter inch is oncMwelfth of thrcn* inches. The threcMjuarter inch 
sc*ale is the favorite among car|K*nters for the n»ason that the ordinary 
two-foot rule c*an 1k» uschI on the <lrawings; as then* an* twelve-six- 
tet*nths of an inch in every thnHMjuarters of an inch, each sixteenth 
of an inch on the nde rcpnvsmts one inch actual measurement. The 
inc*h scale is ver}' jHipular for <lrawing mantels, interior finish, etc., 
when* the total dimensions can Ik' n»ad din^ctlv from the two-fcx)t 
nile, each inch IxM'ng ccjual to th(» f(M)t full si/c. 

The accompanying illustration of an anhitrct's scale, Fig. 2, 
shows the usual divisions on a scale for onlinarv architectural work. 
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IMk. 2 Arihltecis' Scalf. 

A six-inrh s<*ale of this siz«* is v«tv <i)iivriiifnt for onlinaiv nu'JtNure- 
ment> and a similar tmv figiitrtn inrho or two ftt't l<»ng i> usrful for 
laying out larpT work. Tlii> ^alr givr> thr fnll-Ni/i* mcasun'mrnts 
in inch«*s <lividtNl into sixttTntliN with thf M-alrs of >i.\ternths n'ading 
in the n^vcrse onl«T fn»m v.vrtt up, so that the nufulMT <a!i 1h» n'a«l 
dintilv fnun a sixteenth scair or doul»lr<l for a thirtv-.sccoful inch 
scale. The <*onunon <juartrr-inch and righth-ifich scales an* givt-n. as 
m*ell as the half-inch and onr-in<h ><alr>. The UM'fnl tlini*-<|uarter 
inch scale* is givcii with thr tlin'<'->i\tr<'ntlis xalf in n-vrrsr onlrr. 

'Ilie ac*«*ompanying skrtcli. Fig. il. nJiown Imw a sralr may Ik* 
used in laying out stain^ax's in i>lan and M*cti(»n much mon* rapidly 
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than is usual iu arcliitects' office.s. The sketch sliows tlie plan and 
sectitiii of a stuirrase at a sealc of oue-tjuarter of an incli to the foot, 
the staircase to l>e tliree fret six inciies witle. Tlie section shows 
that the floors are nine feet six inciies I)etween finished surfaces, 
Aa it is desiral>le to ecouomize space, tlie stairs are to be laid out with 
about seven and one-half inclies rise and eleven inches trca/l. Divid- 
ing nine feet six inches by seven an<l one-half, we fin<l that fifteen 
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nsers will give us 
out fourteen trea<l.- 



ightly over seven and one-half inches. To lay 
which locate the fifteen risers iiichiiling the first 
and last — instead of spacing over fourteen treads, start from the first 
riser, lay off parallel to run of stairs in plan eleven feet on the quar- 
ter-inch scale;thendrawaliiie[ierj)endicular tolhoruii of the stairs. 
Tip the scale until the zero eoiueidoa with the first tread and twelve 
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immediately in ink, between limiting lines in pencil. But the drafts- 
man should be very sure of himself and his drawing before using 

this method. 

Shade lining, or indicating 

shadows by making the lower 
and right-hand edges of pro- 
jecting planes in elevation 
-1 heavier, see Fig. 4, is used in 
architectural drawing, espe- 
cially in illustrations for publi- 
cation. In office work, when 
_ it is desired to show the shjwl- 
ows, the latter are generally 
laid in washes. The brilliancv 
of the architectural drawing 
shown in manv i*ecent exam- 
pies, esjx'cially from New York 
offices, is much increased bv 
strengthening the outline of 
projecting members and orna- 
mental parts, by accenting cer- 
tain points, and by carrying through only certain important lines 
of mouldings, and drawing other lines only a short distance. Fin- 
ished lines coming down on to projecting surfaces may be stoppt^d 
short just before reaching the surface, giving effect of high light on 
those surfaci\s, as shown in Fig. 4; and lines at outer angles may 
be carried slightly across each other, giving a firm intersection, in- 
stead of stopping just at 

the junction. For plans ("^^ Q^'^-^ (jn: 

the same holds good, as is 
shown in Fig. 5. 

In an elevation, the jjj A: J^ 

planes toward the front 
mav be drawn with dark 
lines and those farther back with lighter lines. Joint lines in masonry 
and the lighter lines of carving should be drawn in ink which has l)een 
diluted with water. The design for the National Maine Monument, 
page 9, shows a good metluxl of lining an architectural drawing. 



Fig. 4. Shade Lines. 
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10 ARCHITECTURAL DRAWING 

Sometimes lines of different colors, as red to indicate brick, 
blue for stone, yellow for w(K)d, etc., are used on working drawings 
to take the place of tinting. 

DEFINITIONS. 

Architectural drawing is geometric. If the student is making 
the drawing of a model, he should trj- to think how the author of the 
model laid it out, and how he, the student, would proceed if he had 
tlie opportunity to lay it out. He will find that the mcxlel is rt^pre- 
sented on paper by the different projections such as the plans, sections 
and elevations. These are laid out to a certain scale; that is to say, 
one-fourth inch to the foot, which means that one-fourth inch in the 
drawing represents one foot in the model; or one-iMghth inch to the 
foot, etc. 

Definition of Plan. A plan of a building is a section cut 
by a horizontal plane through the walls, supports, etc., at such a 
height so as to show the greatest number of peculiarities in construc- 
tion, walls, doors, windows, supports, columns and pilasters, fire- 
places, etc. It is possible to consider a plan as a horizontal impres- 
sion that could be taken of the l)uilding in course of construction 
when it had arrived at a certain level in the height of a storj\ On 
the plan the construction is shown invariably by horizontal sections, 
but it is possible to project up all that is below and also to show what 
is above. In the first case the plan will show the architectural por^ 
tions which project beyond the l)ase of the walls or supports such as 
the base, steps, approaches, etc. In the other case it will show 
vaultings, ceilings, entablatur(\s, cornices, etc. Sometimes it is desira- 
ble to show both — half of each — provided the parts shown are suffi- 
ciently interesting or necessary for explaining the entire scheme. 

Definition of Section. The section is a plane cut through 
a building vertically, that Is to say, it is the same thing perpendicularly 
that the plan is horizontally. This plane should be taken along the 
line of some main axis. 

A single section rarely is sufficient to give all the* interior of the 
building. It is necessary to have, as a rule, at least two, one a longi- 
tudinal section, jyerpendicular as a rule to the facade, and the other 
a transverse section, usually parallel to tlie facade. Very often a 
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small section of the front alone is made. This should preferably be 
called a profile of the front. 

Definition of Elevations. The elevations of a building are 
the projections of the building on vertical planes parallel to the side 
of the building of which an elevation is desired. Except in the case 
of complete uniformity, it is necessary to have several elevations in 
order to show the complete exterior of a building, such as the principal 
facade^ side elevations, and rear elevation. 

THE IMPORTANCE OF AXES IN ARCHITECTURAL 

DRAWING. 

The axis is the key of a design or of any composition. An axis 
in geometry is a line which separates into two equal parts any sym- 
metrical plane figure, or the pole of a surface of revolution or of a 
regular solid, such as a rectangular prism with a regular base. In 
architecture the idea of the axis is greater than this. It is in reality 
a vertical plane through the whole building separating the building 
into two parts symmetricaHy, or in such a way that they balance one 
another. 

Although the graphical representation is confined to a straight 
line, do not forget that it is not simply a line. Take for example a 
church; in drawing the plan, the axis of this plan will be a straight 
line separating it into two parts, but this line itself will be only the 
projection of the central vertical plane which is the axis of the whole 
building; and the keystones of the vault, the lights which drop from 
them, the center of the rose window, etc., are in the axis of the church. 
Notice besides this that the straight line which is the axis of the 
plan, and the line which is the axis of the front and rear facade, 
the line which is the axis of the transverse section — these lines are 
only the traces, all belonging to some axis plane, as it may be called, 
and this plane is the principal axis. 

But there are other minor axes. Parallel to the main axis are 
the axes of the side arms and between these are the axes of the columns. 
Running transversely are the axes of the transept, those of each bay, 
the radiating axes of the chapels, etc. 

In laying out the drawings of a church, for example, first place 
all of these different axes with the utmost accuracy. This method 
of laying out the drawings of a building by starting with the axes may 
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be best explained by examples. Let us commence by the study of 
a plan, that of a vestibule, in a public building; e.g., the Hotel des 
Monnaies at Paris, Fig. 6. 

After having drawn the axis 1, which is the principal axis of the 
building, it will be noticed that there are five bays of the central 
pavilion which are spaced equally. Of these draw first the extreme 
axes, 2 2; by dividing the space between axes 1 and 2 into equal parts, 
the intermediate axes 3 3, will be found. In this way the chances of 
error would be decreased, for if the axes were placed in the order 
1, 3, 2, the possible error would he doubled. Now taking the portion 
to the right, draw first the extreme axis 4, then 5, and divide the space 
4 5 into equal parts, which will give the axis 6. 

•z 







Fig. 6. Plan of Vestibule of Hotel des Monnaies. 

Now consider the axes of tlie rows of columns 7 7. These are 
to be arranged in relation to the axes 3 3 ; finally the axes 8 8 are 
located in relation to the extreme axes 7 7, being checked in relation 
to the axes 2 2. 

In the longitudinal direction the same process will be gone 
through, placing the first axis 1, then the extremes 2 2; by division 
3 3 will be obtained, and dividing the spaces between the axes 1, 2, 
and 3, into half, the axes 5 and 6 of the columns are obtained. The 
secondary axes will be placed in the same way. Finally it will be 
found advisable to check up the different steps by verifjing the dis- 
tances of the secondary' symmetrical axes from the central main axis. 
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III (im-rully Mixlviii;; tlx' plan, an<l thr ilifTen-iit iiu-tlnxl^ of 
(Inmiiif; It, tin- .stii<lt-iit will iMf-oiitc coiivliu-til tlnit tlic iih-IIkkLs nf 
spw-iiif; tlif axes un- of grt'iit {in]MirtuiR-t-, iiiiil tliut in tliis way lie will 
ktHvp at cXBctiu'SM and will avoid iniiiiy inistakfs. 

The studt-nt must undcrstaixl tliat it is iniic-h more difficult to 
draw a gocxl plan than is |M>ptilarly siipposetl ; mon- <lilHcult, pei'Iiaj>3, 
than anythiu); else, fntui the men- fail that i-vor^thiiig huilds up 
frum tlu' plan. Tii the plan i'S[>«iall_v, cxtn-inc <'xac-tiu«s is mtrssary 
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uwl llw stii.lriil will do w.-II. in onlir to l>.-<iiiiii> familiar willi arclii- 
Iftiuml drnwiri);, In pnutiii- tht- rlruuiM;: «! plans <'c>iisljuitly. 

Now Ii-t IIS oinsidcr ihi- scilicni^. lakirif; itu- saiii.' i-Miinpl.- dial 
wr ha\-e jii.tl (fiii.siil<-n-<l. Tin- -Miil.nt will cii.-ily »f diar llii- anlii- 
t«-4-t i-annol study hi% (■ciin|H>'-ili<>ii lliiin>ii;;l)ly witlnml iUv aid nf 
iiiiinrmii.s M><-t)on.s. Twu ><-i limi'-. Iinwivrr. an' <'s|>i'i'ialU lu■lT^,^il^^-. 
tbusr following the pnn('i{Mil transvcrst- and lonptiidinal axes of 
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symmetrj\ If the student wishes to draw both of tliem, he sliould 
(h^'ide first whicli one of the two controls the other. See Figs. 7 
and 8. He will see that in this vusc it is the transverse section, par- 
allel to the front elevation. The other, tht» longitudinal section, is 
chiefly the projection of elements of the other section. Therefore, 
in this case the drawing should Ik* commenced by laying out the 
transverse section. 

First, ])lace the axes just as has been done in the plan, 1, 2 2, 3 3, 
7 7, S S. In regard to the profiles or the parts in section, the first 
thing necessary is to locate the heights of the essential parts, taking 
for the first level the main floor A A, next drawing the upper line of 
the capitals of the columns B B, then the centers of the vaults (' 1). 

Starting with these principal lines, draw in the details, {is for 
example, the heights of the bases in relation to the floor A A. The 
capitals and heights of the architraves will be located in relation to 
the line B B. It is evident that if all the measurements wen* taken 
from the level of the main floor A A, the least inexactness would affect 
the capitals, while if the total height of the column A B is once deter- 
mined, no mistake can In? made in the height of the base and that of 
the capital, and even admitting a slight inexactness, it will be inap- 
preciable on the total height of the shaft of the column. 

In all which has preceded, the drawing has been laid out along 
the lines of the axes. But besides these are some conventional methods 
by which the drawing of profiles in section or in elevation can Ik» 
facilitated. Jjct us take for example a fragment of the Doric order — 
one from the Parthenon, Fig. 0. To Reproduce this drawing one should 
measure the different projections by referring them to one single 
vertical line. In this case the axis of the column would not furnish 
a convenient axis for measurement, as with exception of the column, 
it determines nothing. It is best to proceed just as in measuring an 
existing order, that is, by dropping a plumb line from the overhanging 
cornice and measuring the distainr from that plumb line to the 
various meml)ers. But this vertical line fmm the outer memlnT of 
the coniici* will Ik* only use ful for laying out the profile and in locating 
the axis of the column; {ixes should be drawn in every other possible 
case. For instance, place the column on the axis A; the triglyphs, 
on B; the metopes, on C; the head of the lion, on 1), etc. To obtain 
the heights draw the principal divisions in first; the total height of 
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lt«- rji|>ital, llir ti.Iul lici;:lit of llir arcliitriivc. the (■..inplcto frit-zc, 
(Ik- <^>n>|>I<-t.- ronii.-.': lli.'ii .Iniw in cadi .Irtail in lit'i-lil »it)ii[i tlicsc 
lir<.( cliviMoii^. 

'I'ln- c-lianm-ls nf l!»- Iri^lyplis, llir piltar. «■(<-., arc all ilrawn in 
<iii tluiriiwiiax.s. As fur lli.> liiauiK Is of tlir luliiimi. these can "iity 
!■■ ilrawn l>y pnijeitiiif: tliein. 1>.. ii..l (.i]>y lln-iii fr..iii tlie .Irawiiif,'. 
I>ut .Iniw out a plan. ilivi.Itnj; llie i-iniiiiifen-nee into twenty parts 
t.r wlialcver niiniUT tlu' .leM::n eall^ for, aixl project llicse .livlsions 
npio tlle.levalioM. 
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!«.■«■. I' I) tli<> slnifl. I) 1; 111.- iii|iiliil. aflir ulii.li tin- siiinularv liiii-s 
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of the mouldings should Ih» drawn in. lU'twecn (' and D, liowover, 
the profile of the shaft may vary very nmeh and the studt»nt will not 
l>e able to eopy it exci»pt by laying off horizontal divisions. For that 
purpose, draw the limiting lines of its grt^atest width m m, mark its 
point of applieation M, and repeat this operation on the drawing. In 
the same manner lay off the line n w, and the point X, which give? 

the smallest diameter of the shaft, and dc 
not mark these points by a single poinf 
with the pencil, but l)e careful to draw the 
limiting (in this case vertical) lines at every 
point, and do not erase them until after you 
have inked in the drawing. These lines will 
l)e a safe guide and will enable one to make 
an exact and clean drawing. 

As another example take th(» fragment of 
the cornice with different ornaments, taken 
from the Temple of Concord, at Rome, Fig. 
11. The construction lines marked on the 
drawing, and which should lx» kept in 
pencil until the drawing is completed, show^ 
especially well the method previously ex- 
plained. 

Finally, to produce an architectural 
drawing with piecision demands primarily 
a rational method and methodical habits. 
The design gains by its facility, but the 
method can only be a general one In its 
application, an intelligent draftsman will 
recognize each time what should be the 
logical se(|uence in carr\*ing out the drawing. 
And still, all of this will Ih» only the mechanism of the design; it is 
necessary to put into it taste and sentiment. For all of this tluTe is 
only one precept — it is by practice that one becomes a gcxnl workman. 
Oblique Projections. It happens often that in an elevation 
or section architectural motives are represiMited obliquely in n»Iation 
to the principal plane of projection. Thus in a circular building a 
s(»ries of similar windows are in elevation at different angles, conse- 
quently the widths differ, but the heights do not. 




n.M 



Fig. 10. Balustvr. 
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It is necessary to become familiar with these conditions of draw- 
ing which occur frequently. It b here above all that geometry will 
be very useful, for that study includes the planes of projection and 
planes of development. 

While there Is some little difficulty, there is also much profit to 
be gained in projecting an architectural motive at an angle. In order 
to project a motive at an angle correctly, one must understand the 
motive thoroughly. An architectural arrangement drawn out in 
direct elevation only, will not tell the whole story, but if drawn in 
oblique projection a thorough understanding of the arrangement 
is guned. 




trom tbe Temple ot Concord. Rome. 



It is recommended, therefore, as a very useful exercise to draw 
out in oblique projections, designs that are made in direct elevation; 
it is a good exercise in design, but above all it is an excellent prepara- 
tion for architecture, compelling the designer to analyze his model 
and to see it as a whole; to understand Its projections and to compre- 
hend the position of the different details. The designer realizes that 
he is working on the real building rather than in simple imagination, 
and so will soon see of how much advantage these exercises will 
be to him. 

Consider, for example, two windows, one in direct elevation and 
tiie other projected at an angle. It b evident that the direct eleva^ 
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tion permits the study of proportions and it is evident also that the 
oblique projection shows more than the direct elevation of the 
different parts of the window. In the same manner draw out the de- 
velopment of such parts of buildings as vaultings, circular walls, etc. 

All this can be summed up thus: Study architectural drawing 
as an architect. Become accustomed to see in the drawing the 
object represented. It is very necessary that the drawing should 
be nothing more for the designer than a sort of language, and that 
he should see in reality the thing itself, just as a composer of music, 
as he puts down on paper the notes of his score, can hear them as 
though they were being played; just as everyone in reading a book of 
printed characters never notices the printed letters but feels the emo- 
tions that are meant to be conveyed as though the words were spoken. 

Modeling an Architectural Drawing. A design is only 
complete when in addition to the outlines, it is modeled, that is to 
say when the form is expressed. The most common process for 
modeling an architectural design is by wash drawing, but the methods 
of modeling are the same whether done by wash drawing or by render- 
ing with the pen, the pencil, or other processes. It is not possible 
to say that modeling has absolute rules, or that all methods are good 
even if the desired effect is obtained; Le., if the reliefs and the forms 
are represented in their true relations to one another. There are, 
however, certain general principles that can be used as a guide in 
modeling a drawing. 

Shadows at 45 Degrees. It is the custom to assume that 
the light rays fall in a direction, the horizontal and vertical projec- 
tions of which make an angle of 45 degrees with the line of the ground. 
The luminous ray itself does not make, in reality, an angle of 45 
degrees with the planes of projection. Its direction is that of the 
diagonal of a cube whose faces are respectively parallel and perpen- 
dicular to the planes of projection. 

This method has two advantages; the laying out is easier, which 
it is well to consider, for the drawing of shadows is often a long and 
complicated process, and in this case the depth of the shadows is 
equal to the projections. Consequently, the size of the shadows 
permits anyone to understand, without further drawings, the projec- 
tion of one architectural body in relation to another, and the relative 
positions in space of the different surfaces in one body. 
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The drawing of shadows Is often difficult; it is one of the essential 
parts of descriptive geometry that will also Ix? found in special trea- 
tises. As for indicating shadows which cannot be laid out accur- 
ately, such as shadows of decorative parts, it is a matter of 
judgment to determine the amount of projection — a knowledge 
gained by experience. 

Values. After having drawn the shadows, lay over the shallow 
part a unifonn tint. Now the drawing will l>e seen to Ik* divided 
into lights and shadows. 

As a first principle, it is necessary always to make a distinction 
between light and sha<le; shadows will always l)e modeled, lights will 
also always Ik» nunleled; but it is nccxvssary to lx» able to distinguish 
clearly which is light and which is shade in the same drawing, at 
least when' thert» an» largt* spaces lH*twtH»n different [)Ianes. The 
parts having the darkest tint in the light should remain lighter than 
the lightest reflecttnl lights of the parts in shiulow. Besides this, 
geometrical <lesign, not InMiig able to make use of the illusions of 
persjjec'tive to show distancvs and pn)jcctions, has to make use of 
expressiNT mo<leling, sinct» it is Ihr valucit of the tints alone which will 
imiicate the relative distances and projections. 

'jlierefore, in onler to bring forwunl or to svt back one plane 
with n»lation to another, the onlv resource will Ih» to tint them differ- 
ently. Notice what hapjxMis in this n\sjH*ct in nature; for instance, 
an object placvd near the eye is modeled very clt»arly and one at some 
distance is mo<Ieled nnich less, and one at a great distance or on the 
horizon, is only a nuiss without details. So, the nearer the object is, 
the more it Ls nKxleled and the gn*ater dw the differences between 
the shadows and the lights; on the contrary, the further away it is 
the more tlie lights and shadows tend to mingle. In the foreground 
there ^ill U» strong shallows and high lights, in the distance dull 
shadows and softenetl lights; U^twtH'n thes** an interme<liate pro[)or- 
lion of sha<lows and lights. 'ilu*nfore, in facade, the [)lanes far- 
thest away fnim tlie eye will have the least mtnleling, while the 
nearer the plane is to the eye, the more is the m<Hleling accented. 

As statt'fl alxjve, in natun* ever}' light and ever)- shade is modeled 
an<l grailtHl; the shadows are mon* noticeably graded than the lights. 
llie reason for this gradation of shadows is die indirtxt lighting 
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thrown back on the shaded objects by neighboring lighted objects, 
and this is called reflected light. 

Take for example a cylindrical body like the shaft of a column. 
It is easy to distinguish on this cylinder cast shadows and shades. 
The cast shadows are those which result from the interception by 
another solid, of luminous rays which without it would have lighted 
the cylinder. Shades result from the absence of light on the part of 
the cylinder which by its position cannot receive light rays. Naturally 
shadows are less affected by reflected light than shades. The reflec- 
tion of light or the throwing back of light which creates the reflected 
light comes from lighted bodies, which in theory may be considered 
as secondary sources of rays of light of which the resultant will be 
in the direction opposite to the hght. That is, since the lighting is in a 
direction of 45 degrees from above down, and conventionally from 
left to right, the direction of the reflected light is in the direction 
of a diagonal from the lower right front corner to the upper rear 
left comer. 

This conventional theory is to be followed as the rule for model- 
ing. Commence with the lights, or where the gradations are more 
easily comprehended. Take a solid of white stone, for example, a 
sphere. It is easy to comprehend that the strongest lighting will be 
at the point of intersection of the surface of the sphere with the 
luminous ray which prolonged will pass through the center. Then, 
around this pole of light, the angle of the luminous ray with the 
surface will be diminishing constantly following parallel zones, having 
the luminous point for the pole, until it becomes tangent to the sphere 
following a great circle whose luminous point is also the pole and 
which will be the line separating the shade from the light. In other 
words, the light will diminish from the pole to this equator. 

In the shadow it will be just the opposite; the greatest reflection 
will be at the other extreme of the ray prolonged to pass through the 
luminous point and the center of the sphere, the shadow will increase 
in intensity from the pole of reflected light to the separating circle 
of shade and light. 

Sut if any body casts a shadow on the lighted part of the sphere, 
its shadow will be much less affected by reflected light and conse- 
quently will Ik* more intense than the shade itself. 

From this follow two rules for modeling: (1) A shadow cannot 
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be cast on a body unless this body is in die liplit and some other Iwdy 
is rasdnf; the shiulow; (2) 'llie viiiiie of the intensity, I.e., the <k'erce 
of darkness, of the east shadow at any [wint is in direct ratio to the 
strenji^h of light on that point. 

The apphcation of lliesc nile:i can 1h' ilhistrated on a geometric 
body, for example, the capital of ii Doric cohinin and its nrchitrave. 



I> ^"-— 
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Fig. 12. 'ITie sha<h)ws should \»- .Iniwn unt and ii liyht shadow tint 
Uid over them. Now let us conMiIrr when- rh<- niosi inicnse sliiidows 
»-ill be. Kriilently at A, wlien- ttic sliadow i^ .Ictcrininiti by a my 
normal to the ryhndrical .surfniT of a coliniui. ami the parts A' .\', 
of the east shadows which riu-«-t die surface i.f nvuhiiion fallowing 
itH meridian of light. 'Hie dcun-st n'flc<-t<-.l ^liadow^ .ainml Ih- 
seen in the <ir«wing as ihey will Iw fotiiid :il llic back of the projccliim 
oD tbr mcriilian op[>osite the ]M>int .\. Hut among the parts seen 
OD the dnwing the most reflected light will la- ut the [)oint t) It, doubly 
I by its portion on plan and by the form of the moulding. 
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Between these extremes the parts C C will have intermediate values, 
whether shades themselves or cast shadows. Also, observe that the 
values of the light at contour C are symmetrical with the values of 
the light of contour C. There will be, therefore, a symmetry of 
modeling, in relation to an axis of the most intense lighting on the 
colunm of the luminous part and of the intensity of the shadows; 
this axis will be on meridian A. As for the mouldings which are 
straight in plan like D D, their general value will be analogous to 
the intermediate value C C. 

Passing to the lights, we see that the point most lighted will be 
the point a, and finally the generatrix a' a'; and the light will become 
more and more gray up to the tangent M M. But along the astragal 
the light will extend in almost uniform intensity, for it will strike 
more normally than on the cylinder. As for the straight parts, the 
abacus, the architrave and fillets, they will receive less light than the 
cylinder at a' a' and approximately the same as at C C; the sloping 
part of the abacus will naturally have a more intense light. Other- 
wise each one of the plain surfaces, in shadow or light, will be graded 
from the upper part down, because the nearer the surface is to the 
ground, the more reflected light it receives. For each detail use the 
same reasoning. Thus, for the cavetto, there is a cast shadow in 
the lower part, but the portion above the tangent is in shade. The 
shadow is modelled by continuous grading from darkest at the lower 
part to the lightest in the upper part; the talon will have cast shadows 
at O and P, the portions at N Ix^ing in shade, hence O and P are the 
darkest parts while N is the lightest. 

Another element comes into the modeling; i.c, the openings. 
An opening is always darker than the simple shadows, for there is 
almost no reflection that comes in the opening to lighten the shadow. 
Such are the door and window openings of a facade. The parts in 
shadow, which are less accessible to the reflections, will be darker 
than the other parts. For instance, the openings between the dentils, 
the spaces between the consoles, etc., will be darker than the face 
of the dentils or consoles and may l>e as dark as the general shade 
of the openings. The modeling should l)e such that the parts which 
are by themselves in reality, will appear so on the drawing. It is 
not necessary to exaggerate; the modeling should remain simple. 

Lacking good models, it is always easy to get good photographs 
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of good waah drawings; for exaniple,a large number of "Envois de 
Rome", or drawings made by students in Rome, have been photo- 
graphed and published. Iliese are models which cannot mislead one' 

RENDERING IN WASH. 

All atndies and oompleted exhibition drawinf^ in the archi- 
tectural schools are tinted in India ink or water-color. This is 
done to show the shadows, and to indicate the relative position of 
tile different planes, and is the method of representation in com- 
mon use in architects' offices, especially in the presentation of com- 
petition drawings. 

MATERIALS. 

Chinese, Japanese or India inks are used for rendering, on 
ac<.*onot of their clear quality and rich neutral tone. The ink 
cumes in sticks, Fi^. li), and it is ground in a slate slab provided 
with a piece of glass for a cover. See Fig. 14. 



TlitTi' an- vBriuuH kitxls uf !i;ii>lics, Ciiiiu-rs hair brushes are 
the cheapest and are useful for rough work. Salile brushes, Fig. 
16, are two to three times as expensive as the camel's hair ooet oo 




■econnt of the material. Imi are alwo vt-ry iiiurh better. The sable 
brushes have a spring to tlit-in not to l>e found in the camel's 
hair brush, and they eome to a finer, firmer point. Chinese and 



21 AECHITECrDRAL DRAWING 

Japanese brushea are used a good deal of late, as they are cheaper 
than the sable brushes and have some spring to them. A stip- 
pling brueh is one with a square end, used mostly in china paint- 
ing. A bristle bnish is a stiff brush used in oil painting ; on 
account of its stiffness it is used for taking out hard edges, as 
described later on. Fig. 16 shows a nest of porcelain cabinet 



Fig. lb. Sable Bnista. 

Besides these materials the student shonld provide himself 
with a large and a small soft sponge, and large blotters, which will 
sop up water readily. Whatman's "cold pressed" paper is the 
best paper to use for rendering in India ink. 

riETHOD OF PROCEDURE. 
Stretching Paper. All drawings on which washes are to be 
laid should be stretched, as described in the Mechanical Drawing, 
Parti. 




Inking the Drawing. The lines should be drawn with 
ground India ink, the ink being as black as possible without being 
too thick to Sow. Ornament should be inked in with lighter lines 
than the vertical and horizontal lines. This accents the struc- 
tural lines. Very often the outline of the ornament is drawn 
in a heavier liue than the remainder. The width of the line 
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should vary with the scale of the drawing, the larger and bolder 
the drawing the wider the line. 

India ink evaj)orate8 very rapidly. It should l)e kept covered 
anil changed several times a day, especially in summer. After 
the drawing is inked it should l)e washtnl to remove the surplus 
ink, otherwise when the tint is applied the ink will spread. This 
is l>est done by placing it under a faucet and rubbing it very 
lightly with a soft sponge. If the inking has lHH?n properly done 
the lines will now have the apj)earance of a firm pencil line of a 
soft neutral color forming a harmonious background for the tint. 
The shadows should then In* cast and drawn in with a hard pencil 
xwfitint lines. 

Pre|Muins^ the Tint. For large washes India ink should be 
freshly ground in a clean saucer each time it is required. In no 
cA8t^ us<» the prej«re<l India irik which comes in bottles, as this is 
full of sinliment which settles out in streaks on the drawing. 
Always ust* the stick ink. 

Hub the ink in the saucer until it is iv/// black; then let it 
stand, keeping the saucer covcre<l. This allows the sediment, 
which is so fatal to a clear wash, to settle. After it has set- 
tlt*d take the ink from the top with a brush without disturbing 
the lK)ttom. Put this ink into another saucer and dilute it 
with the niK'essary amount of water. Never use the ink in the 
saucer in which it was originally ground. In dipping the brush 
into the stH»ond saucer it is well to take this ink also from the 
surface and thus avoicj stirring any sediment which may still 
rtMuain in the ink. In other wonls, the se<liment which is found 
in even the most carefully grouinl ink should never In* used for 
washes, otherwise streaks and s|H)ts may show in the washes. 

Where only » small surface is to 1h» reriderinl the tint can \\e 
iiiixe<l on a piece of j)ajH*r in the same manner in which it is mixed 
in the saucer. Tlius various shades can 1k^ obtaineil more quickly 
and experiments made more easily. Skill in laying washes is 
only acquired by practice. However, some instruction is nec*e8- 
•ary. If, after all jK>ssil»le care has lHH*n taken during the draw- 
ing, such as placing j>a|K*r u ruler the hand to ket*p the |wi|R*r from 
getting greasy and keeping the drawing covertnl to protei*t it from 
the dustf the paper has nevertheless become soiled, it should l)e 
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cleaned by giving it a light sponging with a very soft sponge and 
perfectly clean water. Touch the surface lightly, sop on the water 
liberally, and dry it off immediately with a sponge or blotter with- 
out fmbbiny. Before washing, the paper should be cleaned by 
rubbing it very lightly with a soft rubber. Especial care must be 
taken not to injure the surface of the paper by rubbing too hard. 

It may seem that all this care is unnecessary, but it is only 
by observing this extreme care that the skilled draftsman obtains 
the transparent wash and the beautiful, even, clear tints free from 
all streaks, which give so much charm to an India ink rendering. 

Handlins^ the Brush. Skill in handling the brush is acquired 
only by constant practice. The brush demands great lightness of 
hand. .The right arm should never support the body. The arm 
should not rest on the drawing; only the little finger of the right 
hand should come in contact with the paper. The brush should 
be held somewhat like a pencil between the thumb and index 
finger, and the little finger should be very free in its movements. 
Touch the paper only with the point of the brush. 

The brush should be well filled with the tint and care should 
be taken that there is practically the same amount of tint in the 
brush at all times. If this is not done, for example, if the 
brush is allowed to get too dry, one part of the wash will dry 
faster than the other and streaks will result. 

If the brush should be too wet, the surplus moisture can be 
removed by touching it to blotting paper. 

If the paper is too wet the surplus tint can be removed by 
drying the brush on blotting paper and applying it to the surplus 
tint which will then be rapidly absorbed by the brush. Great care 
must be taken not to remove too much of the tint; otherwise it 
will dry too fast and leave a streak. 

Layins^ Washes. There are two kinds of washes; the clear 
washes used in rendering shadows, window openings, etc., and the 
washes in which the color is allowed to settle, the latter being used 
to render the grounds surrounding a building. Wlien laying 
clear washes it is better to tip the board slightly so that the washes 
may flow slowly in the direction in which they are being carried. 
If the board is placed flat there is danger of the wash running 
back over the part that is already dry and thus forming a streak. 
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The edge of the wash should always be kept wet, for if it begins to 
dry a streak will surely follow. The tint should be carried down 
evenly across the board, moving the brush rapidly from side to 
side so that one side does not advance faster than the other. Carry 
the tint down about an inch at a time, the amount depending upon 
the size of the brush and of the surface rendered. Always go 
over the previous half inch at every new advance, taking care not 
to touch any part that has already dried. In this way the tint will 
dry gradually, parallel to the work. Carry the sides of the tint 
forward a little more slowly than the center. This will make the 
tint run towards the center and help to avoid the lines or streaks 
due to uneven drying. 

Tlie tint should be carried forward in such a way that the 
|m|)er will be thoroughly and evenly wet. In fact, it is a very 
good plan to dampen the entire drawing with a soft sponge before 
beginning to lay a wash. Tliis dampening should be carried well 
l>eyond the edges of the drawing so as to prevent the color from 
spreading to the drier and more ab8orl>ent parts of the paper. 
Always remove the pool of tint which remains at the bottom of a 
wash in the manner describtni under ** Handling the Brush." If 
allowed to remain it will dry more slowly than the rest of the 
drawing and a streak will show. 

Tlie drawing board should l)e left inclined until the wash is 
dry. Never lay one wash over another l)efore the previous one is 
absolutely dry. 

In laying washes which grade gradually, either from dark to 
light or light to dark, grade the tint by the addition of water or 
color each time that an mlvance is made, and Ih^ careful that these 
additions are such that the change in color is made evenly. 

It is very ditlicult to lay an evenly gnidtHl dark tint with one 
wash only. It is usually U'tttT to lay a li«^ht tlat wash or a light 
grades] wash to starve for a barkj^round on which to lay the dark 
graded wash. I?y a tlat wash is nu*ant a wash which is the same 
tone or color thninghont; that is, a wash that is not graded. See 
opening in Doric Door^'ay, Fig. 138, Vol. VIII. 

Wat4*r hiis to Ik* addfd constantly in gra<ling. Where there 
is a series of gnultsl waslu»s, as in 8UccA»ssive winilow oiieniugs, it 
is better to have two or three saucers containing tints of diiTerent 
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strength and carry each tint for the same distance in each window so 
that the gradation of color may be the same. In grading in this way 
it is necessary to carry each new wash well back over the old one so 
the point where one tint ends and another begins may not show. 

Sometimes gradations are obtained by laying successive flat 
washes, each wash beginning a little lower than the previous one. 
In this way the rendered surface will begin with one flat tint and 
end with a number of tints, one on top of the other. This is called 
the French method and is done by drawing very faint parallel 
lines at close intervals to mark the limit of each wash. A very 
light wash is then put over the whole surface, and this is followed 
with successive washes, each starting from the next lower line. 
This method is especially good for rendering narrow, long, hori- 
zontal graded washes. See rendering of mouldings opposite page 
42. Note particularly the application of this method on the crown 
moulding, and practically all the curved mouldings. 

Avoid laying too many washes in the same place, as the con- 
tinuous wetting and rubbing which the paper gets from the brush 
is liable to injure the surface. 

If the tints are too dark, a soft sponge can be used to lighten 
them or to take out hard or dark border lines ; but a large brush 
about two inches wide is still better for this purpose. If it is 
necessary to use a sponge, use it with a great deal of water, rub 
very lightly and very patiently. The water should be kept very 
clean, and the surrounding parts should be thoroughly wet before 
wetting the tinted part, otherwise the tint may spread over the 
other parts of the drawing. After using the sponge, dry the paper 
carefully with a clean blotter. Another and better way is to place 
the whole drawing under the faucet, turn on the water and use the 
sponge or brush, as already described, on the parts to be lightened. 

To make light places darker, use the point of a brush, apply- 
ing the tint in small dots. Be careful not to begin with too dark 
a tint. This process is called stippling, and it must be done very 
gi*adually and very carefully. 

Do not forget that the first quality of a wash is crispness. It 
is necessary to draw with the same precision with a brush as with 
a pencil. When the drawing is finished it should be allowed to 
dry thoroughly before it is cut from the drawing board. 
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Renderins^ Elevations. The object of rendering a drawing 
is to explain the building. Those parts of the building nearest to 
the spectator should show the greatest contrast in light and dark, 
for in nature, as an object recedes from the eye, the contrast be- 
comes feebler and feebler and finally vanishes in a monotone. 
Every elevation shows the horizontal and vertical dimensions of a 
building, or details of a building, but in a line drawing the pro- 
jections of the different parts when in direct front elevation are not 
shown ; and it is to indicate these projections that the shadows are 
cast and the drawing is rendered. The appearance of a building 
or any details of a building will be clearly shown by the shadows 
in their different values of light and dark. See Figs. 128 and 129, 
Vol. VIII. The windows and other openings of a building should 
be colored dark, but not black — although this is sometimes required 
in competition drawings — and varying lighter tints should be used 
to indicate the color of the material in the roof and walls, the differ- 
ence in the color intensity indicating the varying distances from 
the spectator. Note in Fig. 107, Vol. VIII, the comparative 
values of rendering in roof and shadows on roof; also portions of 
order in light, portions in shadow, and background of column. 
This method of drawing is frequently carried to an elaborate extent 
by showing high lights, reflected shadows, etc., and an elevation 
can thus be made to show almost as much of the character of the 
proposed building as would be shown by a perspective view or by 
a photograph of the completed structure. See opposite page 11, 
" Fragments from Roman Temple at Cori." Study the different 
tone values of the various objects in the foreground and in the 
background, and note the perspective effect of the background. 

It is a good plan, before starting to render a drawing, to make 
a small pencil sketch to determine the tone values which the vari- 
ous surfaces should have, so that they will assume their proper 
relative positions in the picture. 

Drawings of this kind are much superior to any others as a 
means of studying the probable effect of the building to be con- 
structed, as they show the character of the building and, at the 
same time, dimensions can be figured directly on the drawing. It 
is diflScult and unusual to give measurements on a perspective 
drawing. 
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Rendering Sections and Plans. Sections are frequently ren- 
dered in the same manner as elevations to show the interior of 
buildings. The shadows are cast in such a way that they show the 
dimensions and shapes of the rooms. The parts actually in section 
are outlined with a somewhat heavier line and tinted with a light 
tint. The surfaces are modeled just as they are in the elevations. 
See illustration opposite page 43. 

Plans are rendered to show the character of the different 
rooms by tinting the mosaic, furniture, surrounding grounds, trees, 
walks, etc. The shadows of walls, statuary, columns and furniture 
are often cast, so that the completed rendered plan is an architec- 
tural composition which tells more than any other drawing the 
character of the finished building. 

The interior of the building and all covered porticoes are left 
much lighter than the surrounding grounds because the building 
is the most important portion of a drawing and should, therefore, 
receive the first attention of the spectator. The sharp contrast of 
the black and white of the plan to the surroundings brings about 
the desired effect. The mosaic,.furniture, etc., should be put in in 
very light tints in order to avoid giving the plan a spotty look. 
The walls in the plan should be tinted dark or blacked in so that 
they will stand out clearly. See Fig. 17. 

Graded Tints. One rule in laying all tints should be strictly 
followed : Grade every wash. A careful study of the actual 
shadows on buildings will show that each shadow varies slightly in 
degree of darkness ; that is, shows a gradation. The lower parts 
of window openings are, as a rule, lighter than the upper parts. 
Therefore, the washes or tints should grade from dark at the top 
of the door or window openings to light at the bottom. Further- 
more, it will be found that the reflection from the ground lights up 
shadows cast on the building, so that shadows which are dark at the 
top become almost as light as the rest of the building at its base. 

Windows and doors are voids in the facade of a building, and 
they have a greater value in the composition of a design than 
shadows or ornaments in general. This character should be care- 
fully shown in the rendering ; and to that end the grading should 
never show such violent contrasts as to distract the eye from the 
design as a whole, and thus destroy the unity of the design and 
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the true mass of the openingB. Many good designs are greatly 
injured in the rendering by the violent contrast in the grading of 
the openingB from dark to light. 

In the shadow iteelf it will be found that detail is accented or 




Fig. n. CoDTenilonal Method o( Renflering Plan. 
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brought out by reflected shadows. These shadows are in a direc- 
tion apposite to the shadows cast by the sun. If the light is 
assumed to come in the conventional way, namely at an angle of 
forty-five degrees from the upper front left corner to the lower 
back right corner, the reflected light may be assumed to be at an 
angle of forty-five degrees from the lower right front corner to the 
upper left rear corner, and the reflected shadows will accordingly be 
cast in this direction. See Greek Doric Order, Fig. 107, Vol. VIII. 

If these are worked up in their correct relation to one another 
the character of the details will be well expressed. 

Distinction Between Different Planes. The different planes 
of a building w^hich project one in front of the other are distin- 
guished from each other in the following manner: 

The parts toward the front have a warm color, the portions 
receiving direct light have a tone over them indicating the mate- 
rial, the shadows are strong and bold, and the reflected shadows 
are more or less pronounced. The parts toward the rear, on the 
other hand, have no such strong contrasts of light and dark. The 
light parts are often left very light and the shadows put in even 
tones. The further the object is from the spectator the less pro- 
nounced will be the reflected lights and shadows. Note the grad- 
ing on the steps in Fig. 129, Vol. VIII, and study the frontispiece 
opposite page 11 as an illustration of this point. 

In rendering, a difference should be made for different mate- 
rials. Note the difference between the stone and the metal work 
in illustration opposite page 53. 

A FEW WATER COLOR HINTS FOR DRAFTSMEN. 

Many draftsmen who are strong in drawing, are very w^eak in 
color work. The reason for this is, in most cases, that the colors 
are not fresh, that the brush is too dry, and that the color values are 
not correct. J'^resh crisp color is most important. To get this 
it is necessary to start with a clean color box, clean brushes, and 
clean paints. The colors should be moist and not dry and hard. 

Tube and Pan Colors. After having acquired some facility 
in the use of colors, tube colors are the best to use, although 
they are somewhat more wasteful than pan colors. They are less 
likely to harden and dry up and are not more expensive. The 
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For use in the offices, India ink, Chinese white, gallstone, 
carmine ar)d indigo will be found very convenient. The latter 
three are convenient forms of the three primary colors to use with 
India ink in rendering. Many draftsmen use these alone. 

rianipulation. The washed-out look. of many of the color 
sketches seen in architectural exhibitions is very noticeable. The 
sketches lack strength and crispness. 

Color properly applied should be put on boldly in broad 
simple washes without fear of too much color. Remember that 
colors when dry are much lighter than w^hen in a moist state. Use 
plenty of clear water in the brush. Do not go over one wash with 
another before the first is entirely dry. This is particularly true 
where a deeper tone is to be put over a lighter one. In broad sky 
washes where there is a grjeat deal of paper to be covered, dampen 
the surface well first with a small sponge, then with a large brush 
and bold yet light quick strokes put in the sky. 

Brushes and Paper. A small brush with a good point is 
necessary for "drawing in " and for detail. A bristle brush is very 
useful to remove color and to soften hard lines. Chinese brushes 
are very good, as they hold a great deal of color and at the same 
time have a good point. 

If an edge shows a hard line, this can be softened by dipping 
the bristle brush into clean water and rubbing the point lightly 
over the edge that is too hard, sopping up the water at frequent 
intervals with a clean blotter. It is important that plenty of ch^on 
water should be used and that the water be taken up with a blotter 
very often. 

AVhen a ''hi<;h litrht" is lost, and a bristle brush does not 
take out enough color, the "high light" may be put in with 
Chinese white, mixing it with a little of the color of the material. 
Look at your subject broadly and do not try to put in too 
many details. AVhatman's hot pressed 70- or DO-lb. paper is good 
to use. The hot pressed paper, which has a smooth surface, take? 
the color better than the rough surfaced or cold pressed paper, but 
the cold pressed has more texture and gives better atmospheric 
effects. 

Combination of Color. For the inexperienced a few hints as 
to what combinations of color to use may be helpful. It must 
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always Ixs rtM!UMiilH»nHl (hat tlu» colors imist \h} clean to pet fresh 

bright elTivts. 

A niinple blue sky: IVussiaii I>lue, Ant\yerp ]>lueor Cobalt Hlue. 

Cloiuls: I/iiilit KtHJ. For the dislanee use liirhtcr tones with the 
adilition of a little Kiiierald (invii or Cariiiiiie. 

Ihirk jMirt of clouds: Li^ht lie<l aii<i New I*.lu»», 

Iw^xmIs and pathways in t^unli*^dit: Yellow OchnMind Lii^ht Ited with 
a littlr New r>lue to jrray it. 

Ca.st shadows: Cobalt an<l Lijiht lie(l or Carmine with a little crreen 
added. 

Kniss in >unlii:ht: Lmiiou Yellow and Emerald or Hooker's (iri^en; 
or Indian Yellow and Emerald (ireeii. 

(ira.ss in shadow: Prussian l»lne and In<lian lu'd; or Prussian 
l»lue and Piirnt Sienna. Aurora ^ eliow and Prussian Blue 
pivi's a ^reen color similar to Emerald. 

For trniy nK»fs in .-un!i«:iit: Lit^ht Ued and New I^lue. 

Primary, Secondary and Complementary Colors. Tlieeoin- 

binaticMi of colors may be learne<l i»y means of the diacrrain, Fi<^ 21. 

whith will a->ist the student j^reatly in his water color work. The 

three i.nmarv' colors are yellow, red and blue. The combination 

of any two of these will f^ive a ik*c- 
(•ndary color -orange, purple or 
irreeii. Two colors are cjilK'd corn- 
plemi'Utary colors if the oin» is com- 
posed of two of the primary colors 
and the other one is the third j)ri- 
mary color. Thus, j^nvn, com[>ost*d 
of tin* primary colors l»lue and yel- 
1«)W, has as complementary color the 
third |»riniiiry color; /./ ., rtsl. C(»n- 
>u]tinj^ tlu' di:i«:ram it will 1k» found 
that oppo-'ite colore art* complemen- 
tary colors; /.* ., blue and orantre, 

rt^l ftiid ^riMMi, yellow and jnirple. If t\\»ocomplementar\ e»>lors aro 

put alon|;;^id^* of i>ne anotlur, each color \n ill look brit^hter aloni^- 

side the oth«*r than if plaerd by it>«lf; this is due to tlu* law of 

contrasts. Thus, the same (^reen if plactnl alon^>idt* rt^l, will hx)k 

gret*ner t!»an when by itself, and the same holds pxxl for the 
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For use in the offices, India ink, Chinese white, gallstone, 
carmine arjd indigo will be found very convenient. The latter 
three are convenient forms of the three primary colors to use with 
India ink in rendering. Many draftsmen use these alone. 

rianipulation. Tlie washed-out look. of many of the color 
sketches seen in architectural exhibitions is very noticeable. The 
sketches lack strength and crispness. 

Color properly applied should be put on boldly in broad 
simple washes without fear of too much color. Remember that 
colors when dry are much lighter than when in a moist state. Use 
plenty of clear water in the brush. Do not go over one wash with 
another before the first is entirely dry. This is particularly true 
where a deeper tone is to be put over a lighter one. In broad sky 
washes where there is a grjeat deal of paper to be covered, dampeji 
the surface well first with a small sponge, then with a large brush 
and bold yet light quick strokes put in the sky. 

Brushes and Paper. A small brush with a good point is 
necessary for "drawing in " and for detail. A bristle brush is very 
useful to remove color and to soften hard lines. Chinese brushes 
are very good, as they hold a great deal of color and at the same 
time have a good point. 

If an edge shows a hard line, this can be softened by dipping 
the bristle brush into clean water and rubbing the point lightly 
over the edge that is too hard, sopping up the water at frequent 
intervals with a clean blotter. It is important that plenty of ch^ari 
water should l>e used and that the water be taken up with a blotter 
very often. 

AVhen a "high light" is lost, and a bristle brush does not 
take out enough color, the "high light" may be put in with 
Chinese white, mixincj it with a little of the color of the material. 
Look at your subject broadly and do not try to put in too 
many details. Whatman-s hot pressed 70- or DO-lb. paper is good 
to use. The hot press€»d paper, which has a smooth surface, takes 
the color better than the rough surfaced or cold pressed paper, but 
the cold pressed has more texture and gives better atmospheric 
effects. 

Combination of Color. For the inexperienced a few hints as 
to what combinations of color to use may be helpful. It must 
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ulvvavs l)e rtMniMnlH»rtHl (hat tin* rolor.-^ fiiust 1k^ clean to get fresli 
bright elTtvts, 

A Kiinplo MiU' sky: JVussian Hlue, Antwerj) Klueor Cobalt Hlue. 
Clouds: Liirlit IumI. For the distance ust^ liirhlcr tones with the 

addition of a little Knierald (ireen or Carmine. 
Ihirk jmrt of clouds: Light Hal and New Line. 
U<mds and pathways in sunlight : ^'ellow ( )chre and Light lanl with 

a littlr New r»lne to trrav it. 
(jist shadows: Cobalt and Lij^ht IumI or Carmine with a little <jnH*n 

a«ldc«l. 
tiniss in ^unlitrht: I^Mnon Yellow and Kmerald or Hooker's (ireeii; 

or Lidian Vdlow and KmtM'ald (irecn. 
(trass in shadow: Prussian l>lue and Lulian lu»d; or IVusBian 
r»Iue and Uurnt Sienna. Aurora ^ ellow and Prussian Blue 
gives a green c()lor similar to Kmerald. 
For irt*^iv nM»fs in snnli«dit: Litrht Ked an<l New lUue. 

Primary, Secondary and Complementary Colors. The com- 
bination of colors may be learntnl by nu-ans of the diaixrain, Ficr. 21, 
whieh will a->i>t the studiMit greatly in his water color work. The 
thrtH* iinmarv' colors are y«*llow, red and blue. The combination 

of any two (»f these will give a 8t*c- 
ondary color — orange, purple or 
jireen. Two colors an* CJille<l com- 
plementary colors if the out* is com- 
posed of two of the jirimary colors 
and the other one is the thin! [)ri- 
mary color. Thus, gri*en, compost*d 
of the primary eohjrs blue and yel- 
low, has as cinnpleinentary color the 
third jiriinary color; /.< ., re<l. Con- 
Miltihij the diaj'ram it will Ik* found 
that nppo*«ite colors are complemen- 
tary colors; /.f'., blue and onmge, 
n^l an«l gn*«'n, ye'.low and ]»nrple. I f two eomplenientarv ctilors aro 
put alongside t»f one another, each color will look brighter along- 
side tin* other than if plaee<l by it>elf; this is tine to the law of 
contrasts. Thus, the same gntMi if placed alongside re<l, will l(x>k 
greener t!>an when by it.M*lf, and the siimo hoMs goo*! for the 
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red. If complementary colors are mixed together you get a softer 
color, a gray and sometimes muddy effect. If blue, red and yel- 
low are mixed togetlier in the right proportion a soft gray is 
obtained 

Water Color Rendering. Where colors are used for architec- 
tural drawings they should be mixed fresh, if clear tints are wanted, 
but in places where it is desired to have certain effects obtained by 
allowing color to settle, tints that have stood some time may be 
used. Especially is this true for plans, where the color is allowed 
to settle in putting in grass, trees, statues, etc. When it is desired 
to let the color settle it is better to leave the board flat and carry 
the color along with the brush, leaving it until it is dry. Some 
draftsmen keep the board level for all their work. 

Sketch elevations in pencil may be inked in or may be ren- 
dered directly in water color, the shadows being cast and various 
colored tints laid on to show the different materials, shadows, win- 
dow openings, etc. 

Sketches rendered in sepia only are very effective, putting in 
the lines with the ])en, and rendering with light sepia washes. 
Elevations are usually most effective when the shadows are put in 
by washes that grade quickly from dark to light, brilliancy is thus 
obtained. It is astonishing what effects can be obtained with very 
faint washes. This applies especially to small scale drawings. 
The larger tlie scale of the building or detail, the stronger should 
be the coloring and values of light and dark. 

When sections are colored the parts actually in section are 
outlined with a strong red line and tinted a very light pink. The 
colors on the wall are merely suggested. 

On the plans the mosaic, furniture, etc., is often shown in a 
light pink. Where a statue has a prominent place it is put in in 
strong vermilion. Attention is called here to the fact that letter- 
ing on a plan counts as mosaic, and should be done in such a way 
that it will help the effect sought for, a very important point to 
remember in competition drawings. 

The important thing to remember in rendering is to get the 
correct relative value of lights and darks. To do this it is neces- 
sary to have clearly in mind what the important features to be 
brought out are and what is the most direct way of accomplishing 
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this; in other wonls, the aim should Ih» to mako as hamiouious a 
<xim|MKsition as taste, talent and tliou^ht can pnKhuv. 

Water Color Sketchinf^. Nothing is more us^'ful to an arehi- 
tectunil <lniftsman than out-<)f-<loor sketchin*; in colors. A water 
color hlfM'k should 1m* his (*ons(aiit companion on his Saturday half 
holidays, and, if jnissihle, he should join some sketching cIilss. 

The sketches in water color mav U* taken from natunil s<t*nerv, 
hut tlK» student should also make studies aiul color sketches from 
(t)lor de<*orations of exterior and interior of huildin^s. 

I)<i not indicate too much in water color sketching, s«'aR'h for 
the hi^ mjisses in shajM* an<l color values and put them in direct 
and simpk*. 

A ilraftsman who ^ives his leisun* time to water color sketch- 
ing; in summer, and to evenin;; clasMvs in drawing from the anti(pie 
and fn)m life in winter, will have as ^mmI a trainin;; as could l>e 
wislw^l for in this part of hi>" architectural career. 

PREUMINARY STUDIES IN ARCHITECTURAL DESIGN. 

Methods of Study. I)itTen*nt desipiers work up their dniw- 
ings in individual ways. (mhmI results are, as a rule, ac<'omplishe<l 
hy getting ideas on pa|H*r, comparing and working up the lH\st, and 
etnnliining diffenTit features from the difTeriMit sketches. Some men 
of the highest ability pn*fer to work in this way. Others work up 
the i<leas in their minds iK'fori' drawing them on pajMT, often not 
changing a line on(v it is put on pajHT. The latter prcn-eeding is 
ilang«*n)us, as it tends to mak<' the designer S4itisfie<l with the first 
it|(*a that (^>mes to hi> mind, and mak(\s him unwilling to seart*h for 
other i<lejLs; he is liahle to In^come narn)W and can*lc.ss. 

Puttinfl: ideas on Paper. The pn)l>lem which tlu* an-hitect 
has to work out is to makt* the huilding of a form and of dimensions 
lii*st suited to the demands of the client, so that all the parts an* in 
giMxl pn>portion and in harmony with each other. Much detail in 
former times was studit^i on the huihiing in coutm' of construction, 
hut m>w even'thing hits to U* pn*pan'd Ufon'hand, and the smallest 
details f<)n'seen liefcm* the huiMing is commenci'tl. The pn-liminary 
sketches are gi*nerally made on i\ small Male. on<'-eighth iinh, one- 
sixteenth inch, or one-thirty-M'ct)nd inch to the f<H)t. worki^j up from 
rough thumb-nail sketches often not clrawn to scale. Some design- 
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ers will work up their schemes upon the back of an envelope, and 
these can l^e brought into scale in the same proportion in which they 
are sketched out by means of the proportional dividers. 

Arc*hitectural work is half way between mechanical drawing 
and so-called freehand drawing, permitting more freehand work 
than an engineer would consider proper, and demanding more line 
drawing than an artist would think of employing. 

The most successful architectural design generally comes from 
numerous freehand sketches, as well as accurate studies, frequent 
erasing and changing on the original drawing, placing studies side 
by side and comparing them, until a satisfactorj- solution is found. 
It is only by continued practice that freedom of expression is obtained, 
and without this faculty, the best ideas are useless. The well- 
equipped architect carries a soft pencil, and sketches as rapidly as 
possible every new impression on paper. 

Use of Tracing Paper. When the plan has been well studied, a 
sketch of the elevation and section should be made as a check on the 
"scale" of the plan. Tracing paper should be constantly used, both 
in making rough studies over the drawing and in making accurate 
line-drawings for comparison of the different schemes. These draw- 
ings on tracing paper as studies in proportion, should be as accurate 
as the finished drawing, though, of course, no care is necessary in giv- 
ing them a finished appearance, and the straight lines may run across 
intersections, and erasures and changes may be made freely. 

METHOD OF STARTING A PROBLEM AT THE J^COLE DES 

BEAUX ARTS, PARIS. 

At the School of Fine Arts, in Paris, when a problem is given 
to the students, they are oI)liged to work one (hiy by themst Ives 
getting out the scheme of the building. Each student then takes 
a tracing of his '* sketch," leaving the original at the scliool. In his 
own '* atelier" or drafting room, he works uj) the ^'sketch" with the 
criticism of his own professor and fellow students. At the end of 
four or six weeks the finished drawings are sent to the scliool to \yv 
exhibited and prizes or mentions awarded by the jury selected bv 
the school. The preliminary work of the ** sketch" is very similar 
[o actual practice, because an architect is often obliged, in a verv 
short time, to get out preliminary sketch(\s for a client, and these 
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having been acx^epted, it is his duty to carr}' them out with as little 
ehanpe as |KKssiIile, exeeptiii*^ to |K»rfe<'t the pn)portions and details. 

Sketch Plans. The phms, even in the studies, should have 
the walls eolonnl in with any aj)pn)priate etilor, such as dark ^ray, 
as othenv'ise it is verj* difiicidt to mm* on pajHT the pro|H)rtii)n of the 
spacrs, the ease of circulation, and the ^Mieral character of the whole 
in nutss and in detail. 

Sketch Elevations. After the plans have U'cn thoroughly 
studiitl th<* elevations nuiy Ih» worked up, studying the anhitectural 
Myl(» an<l general character of the exterior in relation to the plan. 
TIk se drawings should 1h* studied over and over again on tnicing 
pajKT, cjisting the shadciws so that the pn)jection of cornices and 
si/4's of window o|KM]ings may Ik* sc»en; at this time also <letails of a 
larger scale may 1h* studied in sketch fonn. 

On the elevations or in |K»rsj)ective, the jointing of the stone, 
lirick or terra cotta, may U* dniwn and this will give a surface texture 
that may save further n»ndering. 

Perspective Studies. For all smaller buildings, such a.s 
cottages, farm lun'Klings and small pul)lic buildings, n*(|uiring a 
pictun's<|ue tn»atment, such as a broken roof line, it is Ix^tter, instead 
of sjiending :nu<-h time on elevations with the shadows cast, to dniw 
almost at the start, a iK'rsjHTtive from the most im]M)rtant |H)int of 
vii'W, and make rapid sketch |K»rsjK»ctives fnim s<*vcral ditTcrt^nt 
{M>ints of view. 

Perspective Drawing. A |x'rs|K*ctive shoum U' miule of 
everj* building desigm^l, primarily in onler that the «le.signer may set* 
how planes at right angles — for instaiuv, the si<le and fn)nt eleva- 
tions— <x>me together, and also how roof lines will l<H)k fnan the 
<ni>tonuirv* jioint of sight. This is es|H»cially neccs>ar}* in buiMings 
of a pi ctun*s< I ue character. A jH»rsjKH*tive i^ alsi» gciuTally dtMuandetl 
for exhibition puqK)s<'s. so that clients may gain a In-tter idea of the 
ap|M*aran(v of the pn>|)os<*d building. 

IVrsjMH'tive sketches to explain (rrtaiii point> in the <lrawings 
an* of great value. Verj' difficult detail drawings may hav<' .ski'tched 
on them the details in jK^rsjK^-tive {mm dith-n-nt j>oints of view. 
llieso sketches will explain inon* clearly than many cani'ful drawings 
Im»w certain |>arts (*ome togi'ther. Such drawings an* very welcome 
in tlie workshop and on the building i.i course of construction. 
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EXHIBITION DRAWINGS. 

Exhibition or show drawings consist of plans, elevations, sec- 
tions, and perspectives; the drawings aw in line, jx^icil, pen and ink, 
or color; and all are carefully drawn and mounted, to show the 
scheme for the proposed building. These may l>e the preliminary 
sketches of an architect regularly employed, or they may be com- 
petition drawings. 

The plan is blacked-in, the furniture delicately tinted, and the 
surroundings rendered in monotone or color. On the elevations 
the windows are colored in with graded washes. Every shadow is 
cast and tinted in; if in color, the different materials are indicated 
by different colors. In the sections shadows are cast on the section 
and the c*olor schemes of the various apartments are suggested. 

The general idea of the proposed building is best presented to 
the public by a perspective view, rendered in pencil, p<»n and ink or 
color. '^The perspective is generally laid out in the architect's oflSce 
and then it is sent to a professional artist for completion. 

SKETCHING. 

We have considered drawings made on a drawing board with 
T-square and triangles. There is another way of drawing, that is, 
by sketching. 

The sketch is the most rapid means of progressing in the art of 
designing. In sketching an object one examines it more closely than 
one otherwise would. Not onlv is it necessarv to understand a com- 
position, to distinguish its separate parts, but it is necessarj' to fix 
the relation of these parts and to study carc^fully the proportions. 
The eye alone is the real instrument for measurement and guide for 
proportion, and the sketch is the means for training the eye. Prac- 
tice alone will give facility in sketching. 

Do not make sketches primarily in onler to collect material, but 
make them in order to learn how to sec. Sketch books may be kc^pt 
as souvenirs, but the profit from them will be more in the instruc- 
tion gained while making the sketch than in the sketches themselves. 
Through abundant sketching a freedom in th<» expression of idea.> 
is also gained. 

The point to keep in view in sketching is to show the character 
of the subject attempted. The exact dimensions one can get only with 
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the tape-lino, Imt the most carcfiillj- iiica,';iire<l ilmwinys oficn fiiil to 
sliciw iniK-!i clmnn'ter. A pliot«gra|>li is liiililc Ui n'jin'.scrit a siilijcct 
olluT than as the eye nml liamt s«v it. Hut if the fffe<l iif tin- siil>- 
jeet. tlie iiiipn-.ssinn of tlie Ix'holiler, can Ix- repm«liiee<l in the sketdl. 




Soniethiiij: hjus lut-n ohtaiiic! whi.li the t;i|H- ami the cunieni 
bojM' to uii-oiiipliih. 

Materials for Sketchini;. At lirvt it is a ;.'i«>.l i.I.a to ns 
nei'lioii jiajn r, (hiimt nileii io >r|iiarr> nf [ in. or l^■^^, «hiih 
il ejLsi-T to liniw at ri;;hl !m;:lc>; litil Tmiii the iiu.nieiit ll 
(IniftMmil. i- iihle to ^-■t .ili.li- wilhuut ihrx' hrir. he >h..uM 
only hhii.k |m|HT. A >ii.;tU >ket<li !M->k >Il...iI.I Im. .urri,.f 
pmket. For .small jH-neil .sketelus a siiiiH.lh Jmiikt (inetullie 
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gives crisp effects, but much rubbing cannot be done. A gray paper 
gives good effects with pencil or color used as a medium, chalk or 
Chinese white giving the high lights. 

The sketches can be made in pencil, charcoal, ink, crayon, or 
in colors; the medium of expression is of little importance, as, 
aft^r having learned to see an object rightly, the drawing can be made, 
as Ruskin says, "with a stick of wood charred at the end.*' A sketch 
should be light and cleai. Shadows may be cast, but merely to 
express the projections, and should be only lightly shaded in. 

Subjects to Sketch. In almost eveiy city there are small 
classes in freehand and charcoal drawing which the architectural 
student should, if possible, attend; and in connection with every 
art museum tiiere are generally day and evening classes. But 
great progress may be made by individual work in drawing interest- 
ing objects. Do not commence with making a sketch of a whole 
building. Sketch individual features, Uke a doorway, some orna- 
ment, etc. Sketches of buildings or motives of buildings should be 
made in direct projection as well as in perspective. The sketches 
in perspective will help to explain the geometrical sketches and to 
teach the student to think in three dimensions. 

A great deal can be learned by copying photographs of good 
work, but the greatest benefit is derived by drawing from nature. 
By the latter the student learns almost unconsciously the laws of per- 
spective, form, and proportion, and above all learns to think "in the 
solid.'* It leads to the appreciation of the fact that architectural 
drawing is the expression of solids, and in order that these solids 
shall be successfully shown, the one that draws them has to see them 
in his mind's eye as they actually are going to appear when built. 

He should l>e very careful in the selection of his models to draw 
from, and choose only such that are Ix^autiful. Too often tlie stu- 
dent is told to draw no matter what, under the pretext that it is always 
an exercise. Without doubt it is difficult to draw any model at first 
exactly, but w^hat does it amount to if he occupies his time with copy- 
ing those things which do not stimulate and develop his sense of 
beauty. There is no better practice than to draw a flower, a leaf; 
and if he has access to museums, etc., he should draw from the 
antique models, sculpture, and ornamental subjects. By drawing 
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the latter he can leani lK*si<Irs how in oKlen times natiiml objects 
wen' (conventionalized for us<' in decoration. 

Menjon* sketches are e\<vlleiit practicv. (io to mh* a model, 
>tudy it as can*fiilly as |H>ssii>lc; then p) home and make a sketch of 
it. 'I'he student mav Ik* sun* thait his memorv will U'trav him, and 
hv Nhould p) hack to the suhjfct an<l study it iipiin and apiin — twic*e 
or tlin*t» times if neces.sarv— after which he will finallv arrive at a 
n'as<»nahlv accurate sketch. 

MEASURED WORK. 

Then* an* two iK'Ciisions for makiii«^ measun»ments of oKi huild* 
in;;>; one. wh<*n it is j)n)|H)Mul to make jilterations; tin* other, for the 
.saki' t»f >tu«Iy, making «lrawin^s of portions either for imnuMliate 
studv or futuri' n'fen'iH-e. 

MateiiaU. It is a p»o<l plan if |><>ssil>K' to take a small draw- 
ing l»oanl, 'IVsipian*, and trian^'lc^ ti> thf hiiildin*^. Cross-s^'ction 
pa|xT hiIimI one-eighth inch Utwecn li^lit liiu's and one inch Intwivn 
lieavy lines is v<tv convenient. Si' illustration, Fi^. 22. showing 
U.M* of cnKvs-si»ction pajwr. Hrawin^rs may he laid out <lin*ctlv to 
Male nn this pajHT, at ont»-<'i^litli, on('H|uartcr, or one-.si\te<'nth inch 
to th«' f<>ot, or (It-tails drawn at thnr-<|iiarters inch to the f(H)t, or 
full >ize. 

Measurinji^ Tapes. The diinniNions >li(»uld U' taikrn with a 
tu|K'. and for an liitectural work a ** nirtallic" ta|H' or < loth ninforce<l 
viith fine wins and having clear (i^Mm-s, i> very satisfactory, though 
it uill U* advi>al»le to um* a steel ta|M' for very accurate work. 

Datum Unc5. As a p-ncral rule, it is U'st in fnime huildings 
til take the horizontal mciusurcmciits on the sill lint*, niakin;^ a snudi 
MHtion to show the n-lation of the sill to the walN, !n hrick ami 
>toni' buildings they should In* taken on tlie outside wall face or ashlar 
line. Fi>r heights, tlu' finished llinir levcN >liould Im- taken as starting 
iM»ints. th«* nuiin first fl<M>r of the huilding Ining the general datum. 
If then* an* many projections in plan it will U- well to <lra\\ a straight 
\ni.M' line an<l measun* it fn)iu tlu> line. If old lMnlding«^ an* out of 
level it will Im* ne<fs>ary to u>e a -trai;:ht edge or draw a level line 
on the wall ainl mt'asun* up and «lo\\ n from tiiis Irvel. 

Hand l-cvel. The hau«l level will Iw fouinl \erv convenient 
for obtaining approximately the grades aUiut tlie l»uil«ling. 'Ih-* 
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is a small instrument used by railroad engineers in working out tbe 
elevations on each side of the track. The level can be also obtained 
by looking toward the horizon, pulling down the hat brim until the 
point coincides with it, turning on the heel cany the horizon level 
to the direction desired. This will give a point at tlie level with the 
eye. 

Elevation Measurements. Total distances should be taken, 
and interior heights from floor to floor (with thickness of floors) 
should be run from basement floor to top of roof, and if possible a line 
should be dropped down the outside of the building to check this. 
It is well to mark size of glass, and give outside dimensions of sashes, 




taking dimensions to centers of windows or edges of stone or brick 
openings. Measurements are given by some architet'ts from frame 
to glass openings. Sketches or details should Ije made of typical 
windows, and variations from the type, itoof piiciies may be obtained 
by a level and measuring the rise per foot, or outside dimensions and 
total rise may be taken. A convenient instrument for doing thb 
work is a twelve-inch single-jointed ni!e and level, shown in Fig. 23. 
Arches. In mea.siiring arches, the height A, Fig. 24, from the 
ground to the spring of the arch should lie given, tlie total height B, 
and the width C. The curve is obtained by giving the length of the 
radii or by laying a straight edge, D F, against the curve and measu> 
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in^ the (listaiKx* 1) E, which will Itw'atr one jH)int in tht» cunx*. Other 
tM)ints may Ik' takni hy olTst^ts fnnu i\\v straij^lit rdgi*. 

Projections. rn)jVcti<>ns ait' o1)taiiM'<I hy incjisuring in from 
a phniil) line*. The cliaiiieter of (*ohimns may \h* as^rrtaiiied by means 

of two panillel .stniiglit eil^»s or hy dividing the 
cireiimference hv 3.141(». 

Inaccessible Portions. In places where it 
is im|K)ssihle to reach the point it is desinnl to 
mearsun* then* art* si*veral ways of obtaining the 
dimensions with ct)nsiderable accuracy, A photo- 
graph should always l>e taken of the building 
measured, and a proportional scale can l)e made 
fn)in the known dimensions, which can be used 
on the photograph for determining unknown 
dimensions. 

Approximations. In brick, stone, clapboarded or shingled 
buildings the different courses may Ik* countetl and the totals figured 
fn>m those that can In* measured. When* rapid memorandum 
sketches an* nuide distancrs nuiy 1h» easily obtained by pacing, some 
men taking nearly a tlm*e-f(H)t pa(r, others walking easily five feet 
in tw<) steps. In this cits4' everj* other step is countetl as five feet, 
'llie total heights may Ik» obtaiiuMl by measuring up as high as can 
lie reache<l, then standing at a <llstan(r, holding a |x»ncil at this 
known height, measuring the distan(v by the vyv to the top of the 
building. Or, a man's height can Ih' taken to gauge the approxi- 
mate height. The foot rule nuiy U* held up at such a distance from 
the eye that ever)' c|uart<*r in<h ct)rresjH)nds to a f<M)t on the building, 
and the dimensicms can 1k» read off in this wav. 

Rubbini^. Rubbings may Im* taken of tablets, lettering and 
flat ornaments by laying pajxT on the ornament and nibbing over it 
with a sh«>emakers' hi*<*l ball. TIm' pattern cut in will In* left white 
ami the n-st of tlie gurfacv will \h* blackened bv the heel ball. 
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PART II 



PRACTICAL PROBLEMS IN DESIGN 



NOTES ON THEORY OF DESIGN 

Composition. It is impossible to formulate laws of composition 
which, e\en if faithfully obsenetl, will absolutely insure satisfactory 
results. Iliat is to say, any work of art — such as a picture, a statue, 
or a building — ^may comply with all the general laws of composition 
and still not \ye really artistic. 

A great deal dej^ends on the feeling of tlie designer. A carpenter 
may make a cornice for tlie exterior of a house, or a mantel-piece for 
the interior, without having been taught any of the formal laws of 
composition; and nevertheless, by careful study and through the de- 
sire ti> builfl something pleitsing, may pnxluce stimething much more 
artistic tlian tlie most airefully wrougiit effort of a designer who knows 
all these so-called laws but lacks all artistic feeling. 

Workmen in the various trjwles ran r.ssist tlie architect materially 
in producing an artistic result. One of the moot desirable character- 
istics in a workman is that he sliull execute the wLslies of tlie owner as 
expressed in the architect's drawings, and carry them out as artistically 
as possible in every detail, 'lliere is a certain character in every piece 
of i^-ofk which every workman should try to untlerstand and carry out 
in a simple, frank, dcM'isive, and straight for wan! way. Every work- 
man feels tlie value of truthfulness in work, and objects to sham in 
doing gtKxi work. 

Turner, the great KnglLsh painter, was a man who did everytliing 

that he had to do, no matter how trivial, well. John Iluskin says of 

him, in his lectures on architcc'ture and painting: 

"Ho took a poor prirt* Uiat ho might livi-; but lie miulo noble drawings 
that he niiicht Urarn. Ho novor ht a drawing It^avo hU liancU >*nlhout having 
made a 8t(*p in advance* and having d:ao better in it than he had ever doa« 
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Composition is tlie art of bringing together various interesting 
details, so that the whole result will be harmonious and pleasing. 

The important features should be on axes, or grouped symmetri- 
cally on either side of an imaginary center line. For instance, in a 
room, if the fire place is to be one of the features, it should be cen- 
tered on one of the axes of the room. The remaining features 
should be arranged with relation to the axes or center lines of the 
room so that as a mass they will balance each other. 

In a good composition some single feature should dominate — 
for example, in a building, the main gable, or a tower, or a long, simple 
roof line; or in a room, the fireplace or a painting; etc. In decorating 
a house, the general effect should be pleasing, and should not be too 
much broken up by spotted details. There must not be too many 
equally interesting points; otherwise the result is either monotony or 
competition; one point must dominate. There must not, for example, 
be other gables competing with the main gable by being too near the 
Mze of the main gable. For the same reason it is better to group 
windows and other features in odd numbers and accent the central one. 

It is well to think of the location of the different interesting points. 
In a cottage — ^ito take an example — the gable that is seen from the best 
point of view should be near the center of the perspective; or, again, a 
tower should not be isolated or appear so much at one side from the 
best point of view tliat it will look as if disconnected from the house. 

The smaller parts of the composition should have a proper relation 
to the main motive. The dormers, for instance, in a cottage, should 
be in the same style as the main gable, or in harmony with the style. 

Nevertheless, all these different parts must l)e used so that there 
will be some contrast, in order to give life and interest to the compo- 
sition. No detail from a different style, however, should be brought 
in without tlie designer being sure that the harmony of the comix)sition 
is not thereby disturbed. To learn how to compose, it is not sufficient 
to study books and receive instruction in the school or in the drafting 
room; the student must supplement this with the study of nature and 
of objects and buildings tliemselves. 

Scale. The word "scale" has been used to designate a measure 
of distance — for example, a scale of one-quarter of an inch to a foot. 

"Scale" is used also in another sense — that is, to designate the 
appearance of a building or any artistic composition, which, without 
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coTuitleriiit; tlie nctuni (liiiK'ii.siniis, f;ive.s us nn 'uivu of llic si/.c. For 
exanipit*, m tlie two skctclit-s A «inl It (Fig. 2o) tlie two vasi-s have the 
wme proportioi) ; Ixit oir* U a hiif^* <lM'orutivc vase .st»iiiling at tlic 
adt of a fireplace, while tlie oUicr is a small va.sc standing on a table. 




Fig. 2... 
It r«iiiires the Ixxiks and olhtT iletuils of 
.suRpfst the small .scale n( tlu- oiif. ami tlie r 
.scale of tlie otlier. 'llie .same prinrijiU' is ^ 
in tlie effw-t of steps in front of a ImiKlhig, 
details with which we are faiiiiiiar 

A <lrawing is "large in s<ali'" 
larger s<'ale than has lieen really 
building might Vnik as if it were Ii 
wa.-. really laiil out at one-eighlli-i 
arcted, it would Ih- imnli larger 
<>n the other haiul, if it is "siiiidl It 
and t)ie building will ap]>ear a> if it \\ 

'Hie materials ii.stil in cuiistnirti 



SlHl "Li .sizt-s of lirirli, stone. rlil|)Ui 
sjtaces than liiiteU; in)n aiii.stniit 



1 known dimension.H to 

ilel-jiiei-e to suggest the 

in doors and windows, 

balustrades, and in all 

ilaily life. 

wlieo it Bp[>cars to be drawn at a 

sc<l; for example, a drawing of a 

1 out at (piarter-inch scale when it 

:'Ii .scai^. If such a building were 

!mn the drawing would indicate. 

Ti scale," the iletuils are tiM» small 

M-re built for .Iwarfs. 

iiire.t the .Mule of a building— 



nl-. rir. Arches .span larger 
etii-. fewer siipjxirt.s than stone 
«)n.stni(lion. 'Ilu- detail .should Ih- .somewhat larger in scale in (he 
upjier i>art of a building, wIhtc it is .seen fnmi the ground, fnnn what 
it i.s in the kiwer ]H>rtion near the observer. Interinr detail should Ih> 
6ncr an<l smaller than exterior detail. 

Stalua^^', when i-alli-il "life-.siw*," is actually made about cnu-- 
quartCT of die height larger tlian life .mm-, 'llie reason for this i.> that 
objects in tlie oj)cii air, or in large spuit-s, k>ok .smaller than (hey 



50 ARCHITECTURAL DRAWING 

actuaUy are. The size also depends lai^ly on the height from the 
ground. 

If a building does not appear to be in good scale — that is, if the 
drawing does not suggest the actual size of the building (which may 
be tested by sketching in a figure of a man, and measuring to see if the 
house is in scale or not), the detail should be studied to see that it is 
not too large or too small; other details may be added, such as steps 
or balustrades; or, if the design is an interior, the walls may be deco- 
rated with natural objects in the right scale. Anything that will 
suggest the height of the human figure may be used, or stone joints 
and other suggestions of material may be made more evident. 

Ornament. Architectural ornament is the decorative treatment 
of architectin*al motives on a building. The ornament should be 
carefully studied on the small-scale designs, and worked up from these 
to the working drawings. 

All ornamentation or decoration should be drawn out on each 
design, and particularly on the small-scale drawings, even if it is to be 
carried out by other designers, modelers, or decorators; for it should be 
remembered that the one man who is to bring together into a single 
composition all the elements of a design, is the Architect. The dec- 
oration, whether sculptured or painted, is executed either from scale 
details or full-size drawings, by the decorator or sculptor. If any 
change is made from the main lines of the design, tliis change should 
be studied on the small-scale drawings; otherwise it may be found 
that the detail is entirely out of scale with the general architectural 
lines. 

It should be clearly understood that loading a building, a mantel, 
a cornice, or any motive with ornament does not make it a work of art. 
Everything depends on where and how the ornament is applied. 
Besides, generally, any motive is more artistic if it is perfectly simple. 

Criticism. All through the work of design, it is of greatest ad- 
vantage if criticism can be obtained from otlier architects and drafts- 
men; and even the criticism of outsiders, conscientiously made, will 
frequently suggest valuable improvements in design. \Mienever an 
intelligent criticism is received which suggests a change, it should be a 
matter of principle with every designer to make a sketch emlx)dying 
this change, in order to see whether or not tlie criticism is good. 
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DESIGN OF THE DWELLING 

The plan of the raoclern resilience l>egan U) \ye worked out in the 
ISth century. There is a treatise on architecture published at that 
time by Blondel, who says that a complete reformation had been made 
in the architecture of large and small dwellings fnim Uie point of view 
principally of the arrangement of rooms; great efforts ha<l l)een made 
to substitute for the long, rambling succession of single rooms, an 
arrangement of rooms double in depth, with separate communications 
so indispensable for convenienc^es in a building. 

It became clear that in a dwelling the ease of circulation was very 
important, and tliat the approaches to and exits fn)m the various parts 
had to be well workecl out, for the living nK)ins as well as for the service 
rooms. The aim of architects in the ISth centurj' was for independ- 
ence in the house, and it is to this that we owe their ver>' remarkable 
plans. 

The treatise on architec^ture by Blondel ct)ntains many interesting 

plans, well worthy of careful study. On the subject of Iloom, in 

particular, Blondel gives some interesting data: 

•'It se<*m5**, ho says, "that within alxiiit fifty years Fn^nch architects 
havo, in Ihia rr:«p(»ct, invi'nted a inw art. li^'fon* this, our edifices in France, 
in imitation of tlioso of Itjily, ha<l an ext<Ti(»r doconition whicli made a very 
beautiful architect uro; but the interiors \veri» hardly hvable. The architects 
•rem to hav«' tried to kcvp out the li^ht ; one eould hardly find a place for a 
bed and for tlM» principal artich*s of furniture. The fireplace occupit»d the 
largettt part of the room**, and the smiillness of the do<>rs j^ave an inadequate 
idea of the places to which lh«*y jpive entrance .... The arranf^ement sliould 
be the finrt object of th<' architect; diroration ch^jx-nds absolutely on a wcU- 
Ktudied plan. It Is the arrangement which establishes the lenj^h or width 
and the height of a building;/' 

Number of Rooms. Tlie great ()bje<-tion to many small houses is 
that the |>et)ple want tlie same innnlKT of nH)ms for a small amount 
of money that others have where more money Iuls Ikhmi spent. A de- 
sire to have six riKuns and a bath often results in making all the rooms 
tiny and una>mfortable — more like Ijoxcs than living, habitable 
spaces, lliese houses are not neces^sarily co/.y just Invause thev are 
small; a cozy (t)rner in a big nM)m has much more of the cozy feehng 
than Is found in the snudi nM)ms of an apaitment. There should be 
one good-size«l riKim in every house or apartment, even though one 
room has to l)e sacrifice* 1. 

Hallway. Ilie hallway should l>e neither a cramped, narrow 
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space, nor arranged in such a way that it will be a draughty part of the 
house. It should be borne in mind that if open from first floor to roof, 
the heat will pass up the hallway; for that reason it should be sufB- 
ciently closed off from the other rooms. It may be arranged as a com- 
fortable gathering place for the family. Indeed, with the staircase 
kept properly to one side, and with a large fireplace the hallway may 
form tlie central room of the whole house. 

Stairways. Some men say that they build a house around a 
batliroom, because tliey consider that the most important room in the 
house. Next in importance is the staircase. The front staircase 
should be easy and large. A 7 to 7}-inch rise, with 10 to lOJ-inch 
wddth of tread, is customary, though a 6l-inch rise with an 11-inch 
tread is easier and looks much better. Staircases, in the better class 
of house, maybe as easy as 6-inch rise by 14-inch tread,or evenSJ-inch 
rise with 15-inch tread. In back staircases a 7-inch rise with 9-inch 
tread is not too steep; and they are frequently found as steep as 8-inch 
tread. If space allows, the rear staircase should be sufficiently wide 
to take up trunks and furniture — say 3 J to 4 feet, with vdde doors 
(3 feet 3 inches) opening into it. In this case tlie stairs should be 
strongly supported. Staircases may be made fire-resisting by stopping 
the space between the stringers with brick and by covering the under- 
side or soffit with metal lath. 

Proportion of Stair Riser to Tread. A good formula to use in 
laying out a stairway is as follows: Let R = the rise and T == the 
tread, then 

2 R + T = 25. 
i. e., twice the height of the riser plus the width of the tread 
should equal 25 inches. 

Living Rooms. The living room, library, parlor, reception room, 
should all be **livable." The shut-up "best room" is a thing of the 
past. 

Sitting Room. This should have a southerly exposure, so that 
it will be sunny and cheerful all the time. 

The best arrangement for a sitting room is witli the fireplace at 
one end, the windows on the long side, and the entrance at the further 
corner. The next best arrangement is with the firephice on the 
same side of the room as the entrance, and both on the long side of 
the room. The most unsatisfactory arrangement is to have the door 
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on tlic wall opposite the fireplace or close by the fireplace, where there 
is a a)n.stant draft. 

The nx>n\ should express comfort and restfulness. There should 
be no feeling of over-<lecoration, and nothing in the room should be 
so striking as to be the first and only thing to be seen. The great 
objection to so-calle<l 'Mecoration", is that each decorator or designer 
tliinks only of his own work, CDnsefjuently making it pniminent; and 
it Is extremely difficult to make the decorative elements harmonize. 

Dining Room. Tlie dining room should be, as a rule, on the 
side of tlie house toward the morning sun. It should be cool in sum- 
mer an<l warm in winter, as it is the one room that is necessarily occu- 
pied at least three times a <lay. A westerly outlook is generally dis- 
agreeable on account of tlie low-lying sun for the evening meal. 

Butler*$ Pantr>'. llie butler's pantry should have an outside 
window, and dinars leiwling into the dining r<H)m and kitchen. .Some- 
times a slide is put in, o|>ening into a small china closet in the dining 
room. Tlie butler's pantry should Ir* (piitc large. The story is told, 
of an architect who dint»<l with his client several times while he was 
making tlie sketches; ami each time, on his return to his offit*e, he en- 
larged the butler's pantry, and when the building was erected! it was 
still one of the cram|M?<l rooms in the house. 

Kitchen. The kitchen should not Ik* place<l in t«M) close proximity 
to the living n)oms, and should lHM)n the northwest corner of the house. 
As a rule, it should Ik» sc*paratt»<l fnun the living parts of the house by 
at least two d<H»rs. This is <lone, partly on ac<*ouiit of the o(l«)rs from 
the HKiking. an<l also lH»cau.st» of the heat. A basement kitchen is 
objectionable <»n this acct)uiit. The kitchen sliouM Ik? thoroughly 
ventilateil. the windows \H*'\n^ st»t high — as near the (viling as |M)ssible 
— to let out the hot air, the sill iKMiig locattnl al)ove the backs of the 
tables and sinks. A h<M)d over the range connecting with a ventilating 
flue, is very us^'ful for ventilating. This ventilating flue will Ik? either 
a space around the flue fn)m the kitchen range, which will Ik; con- 
stantly woi'in; or it may Ik* a st^parate, sfpiare flue next the smoke flue 
in the chimney. It is advisable sometimes to put deafening felt over 
the kitchen,. so as to prevent the passiige of sound ami heat if there are 
sleeping rooms alwve. 

Refrigerator. 'Hie refrigerator should Ik* locate<l so that it will 
be easily accessible from tlie outside, for putting in ice; and it .should 
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be near the kitchen without being too near the range. The refriger- 
ator drip should never connect directly with the sewer but should have 
a separate pipe leading to a dry well outside the building. The sim- 
plest and cleanest way to trap this is as follows: Build a galvanized- 
iron pan large enough to rest on the floor under the drip-pipe of the 
refrigerator; and carry lead pipe from this down into the cellar, ending 
in an ordinary milk jar which stands in another galvanized-iron drip- 
pan connecting with the dry well. 

Storeroom. The storeroom may be made rat-proof by plastering 
on metal instead of wooden lath, and by plastering the ceiling under- 
neath with the same lathing, taking the precaution to cover all open- 
ings. 

Bathroom. The bathroom may have tile floor and walls, or, for 
ordinary work, a Georgia pine floor, with North Carolina pine sheath- 
ing four feet above the floor. A sanitary base — that is, one rounded to 
avoid a corner between the wall and the floor, such as is used in hospi- 
tals and in many schoolhouses, may be used. Waterproof paper 
should be put in between the upper and the under floor in the bath- 
room, being connected by lead flashing with the outside of the building. 
This will prevent damage in the case of an unexpected overflow. 

Lavatory. A lavatory on the first floor is very convenient. This 
may open from the hall or be connected with a coat closet. It 
should have a window. 

Closets. The closet doors should open in such a way that the 
light from the window shines into the closet. 

On the sleeping-room floor, a housemaid's closet may be pro- 
vided — ^if possible with an outside window. This closet should con- 
tain a galvanized -iron or enameled-iron sink, provided with a flushing 
tank as well as with hot and cold water faucets. 

The linen closet should preferably have no drawers, as they 
furnish hiding places for mice. Shelves will answer every purpose. 

Bicycle and dark rooms, play room, sewing room, billiard room, 
music room, den, conservatory, etc., should also be considered. 

Cellar. The cellar should be well drained, if possible, with a 
drain-pipe separate from the soil-pipe. There should be a blind drain 
under tlie wall, and tlie wall should be darap-proofed in damp locations, 
by the use of layers of slate stone extending through the wall at the 
surface of the ground, or layers of well-tarred paper at this point. 
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Waterproof cellars are ma^le by putting down severd layers of tarred 
paper well mop|)ed with hot tar or asphalt, on which the concrete cel- 
lar floor is laid. As a nile, however, it is best to have the cellar con- 
nected either witli tlie soil-pij)e or witli the blind drain, and to have all 
the concreting put in so tliat it will slope to one jx)int, where will be 
placed a trap with grating. 

VARIOUS STAGES IN BUILDING A HOUSE 

Tlie |x>int wlvere the majority of ])eople, who know notlu'ng about 
ardiitecture, come in contact with the architect, is when tliey make up 
their minib U) build houses of their own. 

To develop this point more clearly, let us consider tlie situation 
that arises when a business man wishes to build. 

The problem, as it comes to most men, is a question of numl)cr of 
rooms neetletl, amount of money available, and pn)[>ose<l location of 
house. 

liet us say that Mr. Smith, after lookng at various lots and mak- 
ing as many in(|uiries as |M)ssible thn>ugh friends and ac(|uaintances, 
and having also gone to some real estate agent who deals largely in 
land in such kwations as he considers desirable, has obtained an 
option on, or jK)ssibly has purcluLse<l, a lot, the price l>eing, say, 
SSOO. He has availal)le ?2,0()(), besides the monev he has set 
aside for furnishing the house and paying the arcliitect's fee. 
He is willing to give a mortgage on the house for, say, $3,000. 
Taking $4.ri()() as tlie value of his proposetl house would leave him a 
margin of $400. Aci^»rdingly, he goes to an architect who, he 
he thinks, will plan his house satisfactorily, and tells him the circum- 
stances, die recjuiremeiits, ami the amount of money available. A 
\'isit Lh made to tlie lot, to gel the iK)ints of view, etc., and preliminary 
sketches are ma<le. 

Sketches. Fn)m the ar(liite<*t*s |H»iiit of view, the sketch [>eriod 
is vital in res|>e<'t to the >U(H*ess or failure of tlie house. It is at this 
time that he l)eoomes aci|tnu'nt(Hl with the owner's idexts and docs his 
best to inteq>ret tliem pn>jH'rly so that there will l)e no criticism or 
feeling of dtsap[M>intment on the part <»f the owner — in other words, 
si> tliat the house will hannonize c«)mpk*tely with its owner's habits 
mmI tastes. 

Every man has certaiin hobbies and in<le|/endeiit wishes in regard 
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to his house; these the architect should study and give the proper 
expression. 

In regard to the practical use of the house, every member of the 
family, should be thought of and consulted. The architect should 
obtain a careful outline of the requirements from the owner, going 
over the number of rooms, size of rooms, comparing them with rooms 
already known to the owner, heights of stories, location and ex- 
posure of rooms, for the view, etc. 

After sufficient data have been procured to make a complete 
schedule, several different plans of the proposed house may be sketched 
out at a small scale. Co-ordinate or section paper is very useful in 
sketching out different schemes. As a general rule, it is better for 
the architect to work out with great care some one plan which he 
considers the most satisfactory. In dealing with some clients, it is 
sometimes better to show this plan only; in the case of other clients, 
t is better to show them all the studies and consult with them about 
letails that would be merely wearisome to other men The sketches 
are generally laid out to the scale of one-eighth inch to the foot, 
though small "thumb-nail" sketches are frequently made at no scale, 
or sometimes several different schemes at a scale of one-sixteenth 
inch to the foot. Memoranda should be kept of all conversations 
with the client, for use in completing plans and in writing specifi- 
cations. 

Working Drawings. After the sketches are approved, the work- 
ing drawings can be started. They are sometimes called "contract 
drawings," meaning the scale drawings accompanying the specifi- 
cations and contract, though contract drawings really include the de- 
tails, which are not generally made at the time the contract is signed. 
The character of these dra^^dngs has changed very much, even in the 
last few years, an astonishing amount of detail being put into the work- 
ing drawings, while the architectural drawings of the English and 
Italian Renaissance show that the old masters must have studied much 
of their detail while the building was being erected. The main pur- 
pose of the working drawings is to give complete information of the 
building to be erected, as far as size and form can be expressed in pro- 
jection, quality and general description being left to the specification. 
It is of considerable importance to put on a single drawing as much as 
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can 1)0 clearly expressed, since workmen generally are not inclined or 
able to gatlier information from several difTerent drawings. 

'ITie i^'orking drawings are laid out at (juarter-inch scale,* i.e. 
one-quarter inch ec{uals one foot, with details at a scale of three- 
(juarter inch to the f(K)t, aca)m|)anie<l with full-size details. 'ITiis 
is the ctistomarj' sc*ale in America. In Kngland and also in some 
American offices, the rule is to nuike the working drawings at a scale 
of one-eightli incli to tlie f«K)t, with details at a scale of one-half inch to 
tlie foot. 

Plans of every floor, including hasement and roof, all the ele- 
vations, and such sections as nuiy l)e ne<*essiiry to explain the con- 
strtiction, are re<|uiretl. In the sections, tlie vertical dimensions 
sliould Ik? figure<l from fmisluHl H(K)rs. 

Besides thesi» drawings, a block or ground plan is fre<|uently 
given, generally at ^\ or ./j inch to the f(K)t, to show adjacent walls, 
ganlens, etc., an<l layout of gn)unds, location of drains, dry wells, 
ccss|kxj1, and water supply. 

Separate plans may Ik* given in procuring estimates for heating, 
ventilating, phnnbing, and ^ns and electric lighting. These should 
l)e maile subject to changes that nuiy Ik? proj)o.se<l by the successful 
hidiler, and, with these changes, should Ik? pre.sente<l by him to the 
arc^litect for approval lK»forc finally going aJiead with the work. Tliis 
nietlxKl is follower 1, lK*cause a guarantet* is ex|K?cte<l fnim tlie contrac- 
ti»r ft>r tlie suc*tt*,^sful ojKjration of his work; and each contractor in tlie 
trailes inentiomnl Is likely to have ginnl methods of his own, which he 
should be allowal to use. S)metimes all of these drawings may be 
iiicorijoratetl in tlie general drawings. 

Ftill-Sizc Details. MouMings, and spei'ial piu*ts of exterior and 
interior fiinish, such as basest )ursivs, water-table, lK*lts, cornices, cap- 
itals, sjK*cial arrangement of brickwork, panels, carving, window- 
fiLsings, mantels, stair-newels, balusters, etc., are (irawn full size; 
carefully drawn set-tions are lujule full size. **Key drawings" at small 
ticale, i^>metrics, and freehaml jK?rsjK?ctives are invaluable aids if 
drawn on tlie full size drawings. For cast iron antl terra-o>tta, allow- 
ance U sometimes nimle for shrinkage. Tliis should preferably be 
left to the pattern-maker. 

•SoT«:— Tln're U » Kn^ai dlfT«»rt»nt^ b©iw«?u»o ••qaari«»r!noh fical«»" (i.# . 5* Inch •— I 
tool) aad "qtuurter scale, ** or ono-quArtor of fuU size (l#.. 8 lac hen — 1 foot). 
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Besides the contract drawings and subsequent detail drawings, 
other drawings are frequently called for, for which allowances have 
been made in the contract, as for furniture, special finish, etc. 
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Fig. 26. 

Representation of Materials. This may be either by blacking 
in, hatching, etc., or by use of colors. ITie former method (Fig. 26) 
is convenient for tracings to be blue-printed, as it saves coloring the 
prints. 

On elevations, materials are shown as follows: 

Wood white. 

Brick horizontal lines. 

Stone (lotted. 

Metal vertical lines. 

Shingles sketched to scale. 

Terra-cotta, etc abbR'viations marked "T.C", etc 

On plans and sections: 

Brick diaj;;onal hatching, ruled lines. 

Rubble diagonal hatching, wavy lines. 

Stone dotted. 

Wood grain indicated, or black if small-scale. 

FireprtwfiT^'; . ...hatohtnl margin, dotted surface. 

Terra-cott.. divisions to sugg(^t material. 

Metal stiM*l sections suggested. 

Concrete cross-hatched. 

Old work white. 
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U colors arc preferred, the following may be used: 

Brass and copper yellow. 

Brick light rod. 

Concn^to Payne's groy, mottlrd. 

G\as» new blue. 

Gla^ in elevations a graded wash of India ink, indigo, ncT* 

blue with a little carmine. 

Old work grey or black. 

Pla»t4T Payne's grey. 

Sections construction not determined, pink with 

n^i border line. 
Shadow in elevation. . . . India ink with indigo or gallstone. 

Slate indigo. 

Stix'l and iron Prussian blue. 

Stone raw umber or new blue, or Payne's grey. 

Terra-cotta burnt umlxT. 

Tiling light red with yt.'low. 

Wood yellow oehn\ 

Coloring may In? carried further, following thi.s scheme, always 
placnng guide-stjuarcs in one ('«)rner of the drawing with tlie names 
of tlie materials represented. 

Tracing and Blue-Printing. Drawings of which several copies 
are neeileil, may l)e traceil on transparent paj>er or linen, or laid out 
directly on these materials. 'Hiin Uind paj>er is often use<l. Prints 
may l>e taken frtun thc»se, either hhie or Imiwn prints, giving white 
lines on a hhie or lm)wn gn)und, or by first taking negatives, dark 
lines on a white ground. 

Notes shoidd l>e kept for the sjKXMfications while drawings are 
being matle. 

Letting the Contract. Wien tlie working drawings and specifica- 
tions are fini.shetl. cnvner and archittn-t iltx-iih* on thrive or four builders. 
any one of whom would Ik? satisfactory, who are iLske<l to submit es- 
timates. ^Iie !»ui.tlers are allowe<l tinu' enough to go over the plans 
and sjiecifications carefully so that they niav know the actual value of 
the work; and bids are sent in to the architect's office to Ik; o|)ene<l 
on a certain dav, when tlie owner nu*ets the successful bidder and a 
contract Is signe<l for buikhng tlic house. 

In Fraiur there Ls generally a S4»parate (xmtractor tor each kind 
of work; in Kngland a general contractor nuikes up his bid from cjuan- 
titifs given him by a c|uaiuity-siirveyor; in .\uuTicji usually the sul>- 
ImLs are given to a genera! tt>ntractor who takes tlie resjionsibility for 
the whole work. 
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The work generally starts immediately on the signing of the con- 
tract, and is carried on continuously, with visits from the owner and 
from the architect, payments being made at regular intervals or on 
completion of certain parts of the work. 

During the progress of building, the owner and architect select 
fixtures, wall papers, etc. 

BUILDINGS FOR OFFICES 

The plan must be laid out so as to obtain the largest possible 
amount of space available; it must be made with reference to the con« 
structive requirements. 

Arrange the oflBces so as to take advantage of surroundings and 
light. A good outlook makes an oflBce more desirable. 

Staircases, elevators, piers, etc., should be arranged so that the 
actual renting space will be an open loft, where offices and windows 
can be divided up easily to suit different tenants, and can be easily 
changed. 

Make the street entrance and corridors so that the offices can be 
easily reached and doors and signs easily seen. The corridors should 
not be less than 3 feet 8 inches wide; as a general rule, they should be 
4 feet to 8 feet wide, depending upon the use, the number of offices 
and the size of the building. 

Arrange janitor's and superintendent's offices, telephone, tele- 
graph, news booths, and elevators so that the tenants and public may 
be quickly accommodated. 

As a rule, unless there are two frequently used entrances, the 
elevators should be placed so that they can all be seen by a person 
entering the building. 

A car 5 feet 3 inches by 6 feet, with a door on the long side anc' 
the rest of the side removable, is convenient for handling ordinary 
office furniture. One elevator in tlie building should be as large as 
this. Other elevators mav be smaller. 

If a building is more than G stories high, it is advisable to have 
one or more elevators express to tlie 6th story. The doors at the 
lowest floor, where the largest number of passengers pass in and out, 
and where there is genei^ally a **starter" to see that the cars are not 
overcrowded, may be arranged so that the whole side of tlie car vd\] 
open, allowing all the passengers in the elevator to pass out at once. 
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Staircases arc rarely used in an office building. A widtli of 3 
feet 3 inches is generally sufficient; and sometimes staircases are as 
small as 2 feet 9 inches. 

If there is a light court, it should be of such shape and location 
as to receive as much sun as possible. 

ITiere should l>e toilet nwms on every floor; generally lavatories 
are placetl in tlie separate offices. Radiators are put in front of each 
window, transoms over every door; the lighting is done by electricity 
witli dn)j>-lights and receptacles for desk-lights. 

^Yri(e the specifications so that the building may be economically 
ci>nstructe«l and will l>e a paying investment, and yet not so cheaply 
built tliat it will l)c unattractive or constantly neeiling repairs. 

PRACTICAL EXA MPLE : A COLONIAL HOUSE 

Conditions. A business man, having purcliasc<l a lot sufficiently 
large to give him space on all side-s, wishes to build a colonial house 
amtaining nine nnims. 

On tlie first fl(M)r, a hall is to l)e in the center, with vestibule and 
[Kirch in fmnt and dcnirway at the rear, so that the air may circulate 
freelv in tlie summer time. The hall is to be about 1 o feet wide. At 
the fnmt, on the left, c>[K»ning off this hall, the owner wishes to have a 
large nxim al»ut 14 feet by 2.') feet. The parlor and dining room are 
to l>e aliout 14 (wi by 12 (wi each. On tlie right of tlie hall, next to 
the dining nH>m, is to be a china closet, with shelves and drawers, 
conm*cting with the kitchen. Beyond the kitchen is to l)e a pantry, 
witli shelves, cupljoanls, and <*as<vs of drawers. The back entry is 
to have a place for a refrigerator. The rear d(K)r of tlie front hall is 
to o|Kni <»n an ample |>orch, where the family may sit. 

'Hie s€*ix)n<l floor is tn \ui\v four l>e<lnK)ms and an alcove in the 
main jwirt of tlie housc\ a ct)nvnncnt l)athn)om and be<ln)om in the 
rear, ami suitable linen closets. There are to Ik* a fnint stairway and 
a com[>act Iwick stairway. The attic is to l>e arrangeil for sleeping 
rooms. 

Sketches. Tlie drawings first to be made are sketches at a s<*ale 
of one-eightli inch to the f<M)t, drawn on Wiatman's paj>er, witli tlie 
[Jans inkevl in and tlie walls shown black, llie elevations may l>e 
.%ketc*hc«l in [>encil, merely tlic front and left-side elevations l)eing 
sliowo. 
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Figs. 28 to 49 show complete working plans of a house fulfilling 
these conditions — a three-storied frame residence, such as is frequently 
constructed in our suburban country towns and smaller cities. The 
drawings include the basement, first floor, second floor, attic, and roof 
plans, front elevation, and one side elevation, corresponding framing 
plans, and details of different parts of the house. Details are not 
always included in the contract drawings, but are made as the work 
progresses. The rear elevation and one side elevation have been 
omitted, as they are of the same character as those shown. These 
plans are usually drawn at the scale of one-quarter inch to the foot; 
in the illustrations, they are reduced. 

Plans. On commencing the quarter-scale, the principal dimen- 
sions should be given in feet and inches, not in fractions of an inch, 
to the outside line of the sill. The main contour lines should be mark- 
ed first, and then the wall should be shown on the first floor, six inches 
thick. The sill line is shown on Fig. 29, one inch inside of the 
outer wall line, and is merely drawn in a little way at the corner of 
the building. In drawing out the plans in pencil, the lines may be run 
straight through, taking no notice of openings. The lines that run 
over can easily be erased later. In commencing to lay out the 
plan, it is well to draw the center lines or axes first, as all the sym- 
metrical points of the building will be laid out from these axes. Doors 
and windows either center on an axis, or, as a rule, are equidistant. 
The bay windows and chimneys are also located If possible on the 
axis lines. The door and window openings in tlie exterior walls are 
not located in plan until tlie elevations are laid out. When this 
is done, the sizes of window designed on the elevation can be 
transfen'ed to the plan. As mentioned previously, in working over 
the plans, notes should be made for the specifications and marked 
on the plans; for example — g. p. (glass panel); c.w. (casement win- 
dow); t. L (top light or transom light). 

Elevations. In laying out the front elevation, the center line 
should be sketched In sharply. In pencil; and the location of the sill 
line should be marked at the right and left of tliis center line. Then 
the outside finished building line should be drawn one inch outside 
the sill line, this being the outside of tlie boarding. 

Useful Memoranda. In laying out plans at one-quarter of an 
inch to the foot, the b^inner is often puzzled to know tlie simplest way 
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Basement Plan. Fig. 28 shows the basement plan of the resi- 
dence. Dimensions are all ^ven to the outside of the underpinning 
rubble wall, which in this case is 2 inches outside the sill line, as shown 
in the half-inch scale section. The footings of piazza piers at the 
front of the house are shown dotted. On the left side of the piazza 
is lattice-work covering the opening into the cold-air box for the fur- 
nace. The underpinning is of stone 20 inches thick; and the piazza 
piers are 12 inches square, built of bricks. The posts holding the 
girders are usually made of iron, three-quarter-inch metal, three and 
one-half inches in diameter. Sometimes these posts are made of iron 
about one-quarter inch thick, filled with concrete, the cost being about 
the same as that of brick piers, with the advantage of taking up less 
space than the latter in the cellar. The footings of the chimneys are 
not shown ; the ash-pit under the chimney has an iron door for cleaning ; 
and the coal-bins are made with slides, and located conveniently near 
the furnace and not too far from the kitchen stmrs, with the partition 
so placed that coal can be thrown from the window into either bin. 
A storeroom is built with shelves, convenient to the cellar stairs. A 
laundry, with set tubs, is placed in the best lighted part of the cellar. 
A very desirable item frequently overlooked in planning, is to allow 
a space at the right-hand end of the laundry tubs for the clothes-basket. 
The laundry should also have a chimney near the laundry stove. 
There are also a basement toilet-room and an outside hatchway or 
roUway. The windows, as a rule, should be located under the \^in- 
dows in tlie upper story; and as the basement plan is frequently used 
on the work separately from the otlier plans, all dimensions should be 
given, so that no reference to the other plans will be necessary. Tlie 
window openings may be figured to centers, but they are sometimes 
figured to the brick or stone opening. ^Flie heater, or hot-air furnace, 
is placed near the center of the cellar. ^Ilie cold-air box should be 
arranged so as to take air from the side least affected by the changing 
winds (south or east). In the case here illustrated, it has been lo- 
cated under the front porch. 

First-Floor Plan. This, the most imix)rtant of all tlie working 
drawings (Fig. 21)), shows at a glance the main proportions and dimen- 
sions of the whole building, besides being the plan of what, in our 
American manner of living, is the principal story of the house. 

This house would be located to the best advantage on a lot facing 



76 



1 — "^ -\ r*^ 




•PLJ^N•OF-rlIi/T- FLOOi;- 



68 ARCHITECTURAL DRAWING 

the south or southeast. ^Fhis would put the kitchen on the north, 
the dining room on the east (which would give it the desirable momng 
sun), and the parlor on the south and west. 

The front porch sheltering the front doorway, and the vestibule 
and second door, form a protection necessary in cold northern climates. 
The hall and staircase in the center of the house open into the principal 
rooms. The living room on the left, 14 by 25 feet, opens by French 
windows on the piazza. The parlor to the right connects by sliding 
doors with the dining room. The living room and dining room both 
have open fireplaces. 

From the rear of the hall a door opens on the rear porch, and 
another door leads to the passage connecting with the kitchen and the 
back stairs. Between the dining room and the kitchen is a large china 
closet, having glazed shelving and also a counter shelf on which is 
dotted the location for a china-closet sink — ^which, shown in this way, 
would not be considered a part of a contract, but could be put in later. 
From the kitchen a staircase leads down to the basement. The 
kitchen has windows on both sides, giving a cross-draft for ventilation, 
which is very agreeable in summer. 

In the rear of the kitchen is a pantry, with cupboards, drawers, 
and shelving. The large back entry is planned for a refrigerator, 
^hich has an ice door on the rear, to be put In according to the direc- 
tions furnished by the refrigerator maker. 

This plan should be laid out like all the others, from a center axis, 
the dimensions being figured to outside of studs for outside walls, and 
to the center of partitions for inside walls, and to the centers of the 
window openings. 

The sill line is J inch inside the outside line of the walls showTi, 
while the inner line representing the plaster surface is 4 4 or 4 J inches 
inside the sill line. The dimensions being given in this way, it is a 
simple matter for the carpenter on the building to run his measuring 
stick between the outside studding and against the outside boarding, 
and to measure across, thus locating the center of an interior partition 
or the center of one of the win clows. The location of gas and electric 
fixtures is shown by circles on the plans. 

Second-Roor Plan. This is shown in Fig. 30. Only those 
dimensicns are given on these plans which are not indicated on the 
first floor, as all second-floor partitions are supposed to rest on the 
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partitions bdow, if possible. Tlie roofs of the porch and piazza are 
^lown. These may be covered >^ith painted canvas or witli tin, and, 
if thcv are to l^e mudi use<I, should l)e provide<l also with a floor of 
wood slats. The staircase and hall are shown with an alcove opening 
toward the front, lighted from the window over the front porch. This 
alcove is separated from the hall by an arch resting on small col- 
umns, making an attractive sitting r(K)in. There are cKxirs from it 
into the adjacent bedrooms. Instea<l of the archetl o|>ening, a parti- 
tion may be put in, making a ct)nvenient dressing room. Tlie bed- 
rooms are 11 by 14 feet, and are pn)vi(le<l with clcisets. 

One l)edr<K)m has a fireplace, and the two l)e<lnK)ms on the left of 
the house have access to a chimney. There is a small linen closet, 
proN-idecl with wide shelves, o|>ening out nf the hall. Sometimes the 
lower part of this closest is provide<l with drawers, and tlie upper part 
with wide lockers having dn)p fn>nts. 'Hie opening l>etween the front 
hall an«l tl»e rear hall can Ik* close<l with a door, if (lesire<l; or the door 
can be place<l op|>ositc the partition lH*twi*en the ImthrcKim and the 
rear beiJroom. 'Hie bathnH)ni (x»ines tlirectly over the butler's pantrj*, 
so that the plumbing is all very c«)mpactly arrangetl. The staircase 
ti> the attic goes up over the back stairs that lea*l down to the kitchen. 
The rear l)eilr<H>m, which could Ik* use<l as a servants* r(K)m, is pro- 
vi<led with a large closet. A large linen closet, with shelves and 
drawers, opens into the reiu* hall. 

Attic and Roof Plan. 'Hie attic, as shown in Fig. 31, is left un- 
finisheil, with the exception of the hall at the top of the back stairs. 
The location of the tank i^^ shown near a < hinmev, and a small closet 
opens off the hall. The r<M»f lines arr shown by dot-an<l-dash lines, 
whirfi are fretjuently drawn in rvtl on tlic working tlrawings. Hie 
frame line i/. t\, the line of thr outside of the sill and the studiling) — 
whicli simuld ap|K*ar on all du' working drawings— is shown here in 
full, widi all dimensions nottnl thereon. 

Front and Side Elevations. .Vs shown in Figs. .32 and 33, the 
character of the houM* is "Colonial," <»f alK)ut the period of the Ik*- 
ginning of the ninettvnlh century. The treatment is very simple and 
the details should 1k» work(*<l out deli<*atelv to (»btain the C4)lonial 
character, 'llie (i>nstruction is c<im|>aratively simple, the \mse lK?ing 
of brick, simietimes with a granite (x)urs*» at gra«Ie, an<l sonu'times Ur* 
whole underpinning lK»ing of split granite. The wall is covered with 
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tablature is used. The dormer shows a peculiar Colonial treatment, 
using a small Doric Order on each side of the arched window. The 
muntins of the sash are generally worked out in wood. At the side of 
the roof is shown a side elevation of the dormer. 

First-Floor Framing Plan. (Pig. 35.) The supports shown with 
a dot-and-dash line would usually be shown in red ink in the working 
drawings. The sill, 6 by 8 inches, laid flat, is shown with a full line 
running all around the building. The girders and the posts on which 
they rest are shown in a full line, the girders being 8 inches by 10 inches, 
and the posts not over 10 feet apart. The piazza girders are 4 by 6, 
and the piazza sills are 4 by 6. The piazza floor joists are 2 by 8 inches, 
20 inches on center. The dimensions are given to the outside of the 
sill, and to the centers of the partitions. Where the partitions come 
over each other and are parallel to the joists, a joist is set 1 inch each 
side of the studs of the partition, so that the rough floor boards may 
run directly through and leave room for nailing for the finished floor 
each side of the partitions. Trimmers and headers are double the 
size of their respective floor joists, being 4 by 10 inches in this case. 
All joists are set 2 inches clear of the fireplace openings. The dis- 
tances are given to the centers of the trimmers, but sometimes dimen- 
sions are given for the clear opening. All the first-floor joists are to be 
2 by 10, placed 16 inches on centers. The bridging is shown dotted. 
This is made of 1 by 2i-inch stock set diagonally between the joists. 

It will be noticed that all the 2-inch joists except those in special 
locations — ^for example, under a partition, as above mentioned — ^are 
shown with only a single line, all other timbers being shown with a 
•^ double line. 

Second-Floor Framing Plan. The second-floor framing plan 
(Fig. 36) is similar to the first-floor, the girts, 4 by 6 inches, being 
shown instead of the sill. The framing of the roofs of the porches is 
shown, and notes are made where the girts are flush or where they are 
sunk. In certain cases it will be noticed that the joists are carried 
through, continuous. It often happens that shorter stock might have 
been used at no disadvantage to the building. The joists across the 
building should be nailed together wherever possible, so as to make a 
complete tie across the building. 

Attic Framing Plan. On this drawing (Fig. 37), the roof plate 
is shown, and also the location of the hard pine ledger-board. The 
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partition caps of the stun' l>eK>\v, on wlurli tlie jt»ists rt*st. are sliown. 
Hic joists in the attic Hoor are 2 by S, phutnl U\ inrlies on itMiters. 

Roof Fnunins Plan. Hie nifters ami hijis an* sliown (Fi^. ilS) 
2 by 10; the valley rafters, 3 by 0; tlie riilge, 2 In' S inches. The rafters 
either side of the dormer oj)eninf^ are 4 by 7, and tlie heailers for tlie 
dormers are also 4 by 7 indies. .Vll tlie other nuiin rafters are 2 by 7 
iiK^es, placed 20 inches on centers; and the dormer rafters, 2 by (>, 
placed 20 inches on centers. ^Flie plate line, which is the same as the 
first-fkx)r sill line, is shown as a full line, and the dimensions are given 
from this line. 

Framing of Front Elevation. The framing of the front elevation 
of the house al)ove tlie foundation is shown in Fig. .SO. 'Hie sill is 
6 by 8, resting on its 8-inch face. Tlie cx)rnfT |Mvsts are 4 by 0, framed 
into the sill; and a 4 by flush girt is shown running aniund the house. 
It will be noticeil that the girt stops on the side elevations wlu»re it is 
marked "4 by sunk girt** (Fig. 40). The plate is forme<d of 2 by 4 
joists, whidi break joints all around the building. 'Hie frame is 
braced by 3 by 4 studs, tlu*sc» bnu^es InMug as long as |M>ssible, which 
is oonsidereil l)etter constniction than the for:ner sliort-brace svstem. 
In cheaper work, 2 by 4 braces, halved into the studding, are .sometimes 
used in the same position. T.ie filling-in studs are 2 by 4, set l(i 
inches on centers. ^Fhe dcM)r and window studs are 'i by 4 inches, .set 
5 indies dear of the sash o|>ening. 

The dimeasioas are given to the centers of the o|)enings. 'Hie 
heights are generally given tr> the (inislie*! flcnir, wliirh would lie 2 
inches above tlie joist line. 'Hie lurgo ojH'iiings are truss4*<l, asshown 
over the fnmt dcK)r o|)ening. 'llic raftiTs ar<* 2 by 7, sri 20 inches on 
centers, the hijis being 2 by 10, and tin* vallry raftiTs .'5 by 4. 'Hie 
dormers are built up of 4 by 4 ctiriH-r [losts am I 1 by 7 rafti*rs vwU side 
of the opening. Tlie ridge is 2 by s, thr dl-tann- to tlu* top of ridge 
being given al>»»ve the top of th«* platr, and all thr |*oints on tlii* ridge 
rafters and ridge may lie )ocate<l on the *<ill liiif u* thf junHion of tlie 
hip. 

Framing of Side Ekvation. 'ilii- sill, prts, t^triwr \0f^u, stud- 
ding, plate, and rafters 'Fig. U)), art' slrriilar t/» tho^- alri*iy|y d*-vrili#^l 
on the front ele^ati'^n. 'Ilir frjunin;: of thf front and n-ar |*«ir* hr^ i> 
who Aown, with the dimen>'on^ ;:iv*'n HtnnUrly. lite atu* fi«Mir joi)t;i 



■^ECTIO/l- THRO'- ys, 
AMTl CoRHlCE- 



•DEEMkr^OF'AAlN' 
CDENIG&SDOKttE.RJ'- 




-DETMU- OF KITCHEN 'PANTRY- ETC- 



-liEJlDEWr.-AT PJOdtnALt-Z-O- 



HE 





:— 1 1 


f= 


i -4 




I" 


DOlB 



r:-S- T?:R0- C11:na CL03LT 



J 



n 

L-J 







i =M§J 




-IT.XMl. Of'LIfCN CL05ET- 



•PLOn5lNG-T>LAAJ-(2f VECXIQN 



1 



••BEJ10C/V:t ^ AT • BISGLSALZ. "/O * 

• iCAmv Abcxntnc" axcmitcct* 



^-^ 



luuiwr 



p 



I^OIICH 



1 



TT 



«m«ti*iai, 



tKTRV 



C.b2 C 



IM 



PATtTRy 

3 



1 d 



PM«n«- 



I 
I 



KITCHEn 



fiO 



T? 




Mall 



i 



■Jotu.f 



CHJrtA 



cuoai 



I r 



•HALL 



■IP 

41^ 



^^ 



1 



riRiT I'LODR PLUMBING P1/J4 




^SECOND FLQDR PLUMBING- 



YTtrr-cwrocTi? wm» 



i.iApr« 




D 



np 



Fig 43. 



96 



ARCIIITECITIIAL DRAWINC; &7 

•re supported on a 1 by 6 hard pine Ie<lper-lx)anl, which is cut into 
die studding after tlie manner of balloon framing. 

Main Cornice and Dormer. Fig. 41 is reduced from a drawing 
made at a scale of three-fourths inch to the f(x>t. ITiis plate should be 
drawn out at the original scale mentioned; and a full-size pencil 
study sliouid be made for comparison. 

Kitchen, Pantry, and China Closet. Fig. 42 shows the details 
of kitchen, pantr)', and china closet re<luced fn)m a drawing made at 
a scale of one-half inch to the foot, and larger details at a scale of one 
an<l one-lialf inches to the foot, showing shelving, lockers, and doors. 
These are all includeil in tlie interior finish, and should follow the 
specific-ations as to sizes, 'llxe mouldings should all be full-size. 

Pltmibin|[. Fig. 43 shows the plumbing details for this building, 
These details are carrieil somewhat further tlian is usually done on 
plans, but no further tlian a<lvisiil)le, as tliey will be found of great 
assistance in carrying out and su|)erinten<rmg the work. The base- 
ment plan sliows tlie direction of the sewer connection, which is a hori- 
sontal pi|)e, six inches in diameter, of cast iron, locatetl either on the 
basem^it ceiling or in a trench on the c*ellar floor. In this case it must 
be below the c*ellar-floor 
Ie\el in onler to tiike the 
Uumlrv tubs. The sev- 





tion shows die elevations > f •^•aunu 

I I View- 

of tlie pii>e carrietl up 
through tlie house. ^^' **' 

There will l>e a trap In'twcvii the point shown and the sewer, just out- 
side tlie wall of tlie house. The Iciulcr conne<*tions are 4-inch cast-iron 
pipe inside the house in cellar ll(M>r, and 4-in('li terra-cotta outside the 
house, to take tlie water from the gutters and conductxirs. On the 
first ctmnection there is a clcaiioiit. and tlie size of the pijw is reduced 
from G inches to 4 inches, 'lliere should Ik? deanouts at every bend, 
and also at alx>ut even* fifteen fcrt of horizontiil run. There sliould 
l)e a liell trap (Fig. 44) to take the cellar siirfa<v water, also branches 
for general fixtures tlirough the house, as shown. The vertical pijK* 
of 4-inch cast iron would ri^st on a brick pier at the lx)ttom built by tlie 
masim. 

'Ilie vent pijies fmrn the trap of cvrrv fixture arc shown in dottetl 
lines, and arecarrieil up U*yond the highest fixture, where they may be 
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carried hack into the soil pipe or through the niof. Hranches are 
taken off for the laundn* tubs, china closet, sink, lavatory, tub, and 
closet, as shoi^Ti in the section and on the first and seo)nd-floor plumb- 
ing plans. Sometimes these pi|)es are shown in blue on the regular 
working drawings; but there is an mlvantage in having them on a sep- 
arate sheet, as has l)een done in tliis detail, 'llie vent pipes from the 
traps may be of 2-inch cast iron or of 2-inch galvanizetl \iTought iron, 
lliis practice varies with the building laws in dilTerent localities. 

Detail of General Window Frames. Fi^x. 4.') shows the method of 
laying out a full->:izi' detail of a window Ix^x. Such a drawing is one 
of the first things usually given to :i draftsman on entering an archi- 
tt»ct's ort'uv, aiul one of the most iin{>ortant details of house building 
to liecome a<t|uaintt*tl with. '^Hie drawing shows an elevation of the 
lower left-hand (i»rner and up|)er left-hand n)rner of the window- 
frames seen fn)in the out.sidc. Tlie lower part of the <lrawing shows 
a section through the window sill. Taking the s<'ale of r> inches shown 
at the top of the drawing, it would 1h» found that the window sill can 
l>e niaile fn>m 2-inch stock finishes! alH)ut one juul thrt*e-(jiuirters 
inches thi'.'k. ( )n the outside, next to the clapl>oards, is a IknI-uiouKI- 
ing.and the slt»[H» of the sill forms a pMnl dri|) to throw otT water. 'Hie 
clapUuirds are housi^l into the under side of the sill. The sill rests on 
a 3 by 4 or 4 by 4 hori/^>ntal stud under the wimlow o|H*ning. 'Hie 
inner si<le of the sill is cut to come on a line with the linisluNl plaster. 
Tlie plasttT stop or ground, which is either thrwMpiarters or seven- 
eighths inch thick. ac(n)rtling to tiic pn)j)osiNl tiiickness of the phuster, 
is naileil on to the .'? l)y 4 stud. The space In'twinMi the stud and the 
mH is fre<|uently lillc<| with mortar. At the left of the drawing is .shown 
a section through the side of the window Im)\. 

Hie outside architrave is arrangt»<l on the outside of the lM»anling; 
and a back band, or iuould(*d strip, forms a finisii around the outside 
tilge, 'Hu' layers of pa|HT arc generally run ou the l)oarding under 
tliis outside architrave; an<l sometiuu\s zinc flashing is umhI in very 
exjMKseil {Misitions, InMUg turne<l up jigainst the outside architrave. 
'Hie .small thret^piartcr roun<l bea*! shown in the <lrawing nuiy Ih' 
omitteil. 'llie 3 by 4 stu<l is M't so as t«> leave spa<*c for the weights. 
It is a pKMl rule to reinemlHT that the distiuicc froiu the stud to the 
glass o{M*ning is .') inches, an<l the distaiuv from the sill stutl the sanu*. 
Ilie distance fnmi stud at window heail in glass o|>ening is 4 inches 
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The pulley stile is of hard pine; and the parting strip, or stop-bead 
between the two sashes, is also hard pine. Between the outside archi- 
trave and the sash is put in a small screen strip, to give space enough 
for a mosquito screen between blinds and sash. On the Inside of the 
sash is a stop-bead, which forms a part of the interior finish and covers 
the rough part of the window frame. 

The upper part of the drawing shows a section through the win- 
dow head. Sometimes the window frame head is made of thinner 
iTtock than that shown. This completes tlie rough window box as it is 
shipped from the sash factory to the building. At the building, it is 
nailed in place against the rough boarding; and later the sash, which 
come a little too large for their position, are fitted into place. Sections 
horizontally and vertically are shown through the sash, including meet- 
ing rail andmuntins. The sash at the sill is wider than elsewhere, and 
underneath is usually beveled where it comes against the finished win- 
dow stool, so that it will shut tight. There is also usually a groove 
underneath, to intercept any water that may blow in. The meeting- 
rail may be made on the outside sash, to drop below the meeting-rail 
on the inside sash, forming a drip which will prevent the water washing 
down on the glass of the lower sash. 

The inside finish is frequently included on the general interior- 
finish drawings of the building, and is not always sent out with the 
window-frame details. The window stool is shown on the drawing, 
with a small space underneath where it comes against the sash, which 
forms a slight interruption for any water that may pass the otlier 
groove. The apron is nailed onto the sill and plaster stop; and a 
moulding is generally run under the window stool where it joins the 
apron. A back band may be laid around the inside architrave, against 
the plastering; or the inside architrave may he all one piece. 

Fig. 46shows several variations from the details of wiiulow frames 
illiistrated in Fig. 45; and tliese can be still further varied if de- 
sired; or a combination of tlie parts may be made, taking certain de- 
tails from each detail given. 

The frames, unless otherwise shown, are usually made of white 
pine. Pulley stiles and parting beads are mtule of hard pine. 

The pulley stiles are seven-iMghths inch thick, tongued into the 
outside casings, as shown in the section through the side of the window 
box. The parting or stop beads are seven-eighths by one-half incli in 
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size; sometimes the^^ are made seven-eighths by three-eightlis inch, 
the latter giving more room for the screen strip. 

When two-coat work is specified for plaster, the plaster stops are 
generally three-quarters inch thick; when three-coat work is used, 
generally seven-eighths inch thick. Very often the window box is 
completed by ground-casing either three-quarters or seven-eighths 
inch thick, as shown in Fig. 47; in this case no ground or plaster stops 
are necessary around the window frames. The yoke or window-frame 

head is generally made 
one and three-eighths or 
one and one-half inches 
thick. The sills are set 
to pitch one and one-half 
inches. Care must be 
taken to see that the 
blinds are made suffi- 
ciently long to fit, as 
stock frames are fre- 
quently made witli a 
slope of not over one- 
half inch in four inches. 
The outside casing — or 
*^^' outside architrave, as it 

is sometimes called — may be set either flush witli the boarding or out- 
side the boarding. When it is set flush with the boarding, the shingles 
may be carried directly across the joint, and finished against a back 
band, which comes around tlie outside of tlie window frame. The 
outside casing is generally seven-eighths inch tliick, and five inches or 
sometimes four and one-half inches in width. In certain cases it is 
made of one and one-eighth inch stock, when it is to be set outside llie 
boarding. Sometimes, instead of tlie back-l)and shown, an architrave 
made from one and one-eighth to one and threes juarter inch stock is 
planted on tlie outside casing. This would show tlie tlistinction be- 
tween the outside casing and the outside architrave. The method of 
using a ground casing and outside casing flush .with the boarding is 
inexpensive, and tlierefore in quite common use. It does not give suffi- 
cient room for a screen strip, and does not make a very tight casing 
where the pulley stile connects with the sill. 
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The sash are usually made one and three-quarters inches thick, 
for house construction; sometimes, in less expensive work, they are 
made one and one-half inches tliick, and, for cheap cellar windows, 
one and one-quarter inches thick. For plate glass they should not be 
less than one and three-quarter inches thick; and for important work, 
they are usually two and one-quarter inches thick. Frames may be 
veneered on the inside, to match the other interior finish. 

Porch and Front Entrance. For detail of these, see Fig. 48. 

Trim on First Floor. For detail, see Fig. 49. 

Uniform Titles for Drawings. Fig. 50 shows a scheme for a uni- 
form title to be use on working drawings. This may be made as a rub- 
ber stamp, the name of the drawing being lettered in, the name of the 
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Fig. 60. 

building being set up in rubber type, and the remainder being perma- 
nent. This stamp should be put on the drawing whenever it is started, 
a rubber dating stamp being used to give the date of banning; the 
building number and sheet number should be recorded in the drawing 
book. The architect or draftsman who lays out the drawing puts his 
initials under the word "Drawn;" the draftsman who finishes it puts 
his initials under the word "Traced;" another puts his initials under the 
word "Checked," with the date; and finally the architect adds his ini- 
tials and date after the drawings are really to go out of the office. On 
the lower right-hand corner is a space where date of any revision may 
be entered. This stamp may be made four and seven-eighths inches 
long, so that it can be used on a 3 by 5 index card, for the drawing 
record; and also on a postal card, for a receipt to be signed by the con- 
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tractor on receiving the drawing, or for any otlier memoranda in re- 
ganl to drawings. 

Staircase and Fireplace Details. ( )ne of the (test ways to prepare 
for tlie designing of huihlin^s is to study and make memoranda of 
interesting plans and details, 'lliis is es|HH*ially true in relation to 
house huiltling, as well as to the planning of hygi* buildings. Some 
of the most interesting sketch lMM>ks are those filled with small-plan 
details whidi can l)e referral to and ust*tl in the same manner as win- 
dow or dfH»r details ctiuld Ik* usetl in designing elevations. Fig. 51 
allows st»vefal such small drawings on one sheet. 

Fig. A sImiws the usual way of working out a hiu'k stairi*ase entirely 
encloM^l U'tween partitions, one staircasi*p)ingdown under the other. 
'ITiis is verv (*omi)a(*t, and nuiv Ik» workt^l «»ut in W(mm1 or in>n and l)e- 
tween plaster or hrick walls. The spaci* may lie larger or smaller 
than that shown. The width of stairs from the Knisheil wall to center 
of rail should never In.* less than 2 feet 2 inclu*s for tlie smallest stair- 
case, and usually 2 ft*et S inches is employe<l for a Imck staircase. 
Aimetunes the newel |)osts are l)n)ught together as one, making what 
is pra<-tically a circular staircaM». 

Fig. B shows a ctMuhifuition staircast»; that is to say, tlie fmnt 
staircaM* g(K*s up to a landing, and tlieu ct>fitinues in any diretiicm to 
the se<t>fid fl<N)r. Fnun this landing a dtNir o|K*ns, leading down to 
the M»rvi<»e part of the hous4», giving many *>f the advantages of a back 
>tairca>e with loss of only a small ainoufit of space. 

Fig. (' gives an interesting nnnhination of staircase and fire[>lac*e. 
ITie firepla'r i> one >tep Inflow the general fItMir level; and the mling 
is ke[>t lower than the general (riling of the r<HHn, with a small stair- 
rase leading up to a ine//anine story, al>ove the fireplact*, which may 
lie arrangt*<l to look down on the main fl<H»r of the room or may form a 
a»rt of gallery. 

Fig. I) shows a staircase* p»ing up to a landing whi«*h is carrinl 
out into a room its a halctmv indi( at(*«l l»v dotte<l lints. .\t this 
lr\*el a little Imv window is carrier 1 out ovit an otitside iloorwav Ik'Iow. 
As tlier»» are onlv eleven ri^Ts shown, it would l)e net^essarv in this case 
to have the latiding nia4le of plank laid flat, to get hea<l room for the 
seat. 

Fig. E bliows a compact arrangement of hall, coat closet, and out- 
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side vestibule, with an interesting arrangement of the ingle-nook and 
fireplace, and seats eacii side. 

Fig. F shows another arrangement of circular staircase differing 
from that shown in Fig. A, as it contains space for a service elevator 
or lift. 

Fig. G shows a scissors staircase, which is sometimes used in 
double houses occupied by different families on each floor. This con- 
struction makes a saving of space, as the staircases may be placed un- 
der each other, while each family is able to go from floor to floor by its 
own private staircase. This arrangement is also sometimes used in 
schoolhouses, where there is height enough to have mezzanine toilet 
rooms at the landings, with separate stairways for boys and girls in the 
same given space on plan. 

Fig. H shows an arrangement for the fireplace between dining 
room and living room where space is desired for closets or serving room 
between. On one side is built the ordinary fireplace with seats on 
each side, the tiling being carried out to the end of tlie seats; on the 
other side the hearth is carried out with brick floor, and the hood is 
carried out over this so that a basket of coals can be set directly on the 
brick floor. Sometimes the fire-basket is placed below the floor level, 
so that tlie surface comes about on a level with the floor. 

Figs. 52 to 55 show working drawings of prominent architectural 
firms. It should be noted how carefully and clearly everything is 
drawn — from the lettering to the sculptured parts. 

The preliminaries to starting a drawing, are: 

Stretch a half sheet of Whatman's cold-pressed paper on your 
drawing l)()ard. While this is drying, sketch out rapidly witii 
pencil, T-s(|uare, and triangles, on a piece of manila detail paper, the 
main lines of the proposed drawing. This will show the proper pla- 
cing of the drawing, and save much erasing on the final sheet. 

Sometimes tracing paper may he mounted over the ^^^latman^8 
paper, and a place cut for making the final drawing; or the study may 
be made directly on the tracing paper over the final sheet, and then 
cut out and redrawn or transferred. 

The paper rec|uired for the first drawing is, therefore: 

One sheet \Mu^inan's **Imperiar' drawing paper. 

One yard manila detail paper. 

Several yards of Ilowney's English tracing paper. 
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Architectural lettering ina^ be divided into two general 
claaaes. The tirst is for titling and naming drawings, as well as 
for such noteL nnd explanations as it is usual or ncKH'ssary to put 
upon them; this may well l>e callt^l **()t!ice Lettering." The 
second includes the use of letters for urehitcrtural inscriptions 
to be carveil in wood or stone, or east in metal: for this quite a 
different character of letter is requiretl, and one that is always 
to be considered in its relation to the material in which it is to 
be executed, and designed in regard to its adaptability to its 
method of excH'utitm. This may Ik? arl)itrarily termed ''Inscrip- 
tion IwOttering/' and as a more subtle and less exact subject than 
office lettering it may t)etter Ik* taken up last. 

OFFICE LBTTBRINO. 

Architectural offie<» lettering has nothing in common with 
the usual Engine<Ting letter, or rathir, to Ih» m<»re exact, the re- 
verse is tnie: Knginc^Ting lettering has nothing in common with 
anything els<». Its terminology is wrong and n^^^'dlrssly e<mfusing 
inasmuch as it elashrs with wi»ll and widi-ly a<»<'epted definitions. 
Therefore it will l>e ne<»rssarv to start entirely anew, ami if the 
student has already studies! any enginerring 1mm »k cm the subject, 
to warn him that in this instrnrtion pajM-r snrh tfrms as (lothic, 
etc., will be us€»d in their wrll undf-rstood Arehitretural meaning 
and must not Im» misintrrprft«*il to inrbidi* th<* styh* of letter 
arbitrarily so eallrd l»y KnLn*n«*«Ts. 

The first purpo^^e of tin* h*tt«*ring on an an*hife<'tnral plan or 
elevaticm is t<» idi'iitify tin- shrrt with its nam** and grneral 
descriptiye title, and furth«-r, to ^Wt- thr !iaTn«'«i of tin* owner 
and architect. Thr h'ttrrinc f^r thi«i purj»os«* >lh»nM always be 
rather imp«)rtant and large in size, and its l«K*ation, wi-ight and 



116 



2 ARCHITECTURAL LETTERING 

height must be exactly determined by the size, shape and weight 
of the plan or elevation itself, as well as its location upon and 
relation to the paper on which it is drawn, in order to give a 
pleasing effect and to best finish or set off the drawing itself. 
The style of letter used may be suggested, or even demanded, by 
the design of the building represented. Thus Gothic lettering 
might be appropriate on a drawing of a Gothic church, just as 
Italian Renaissance letterijig would be for a building of that 
style, or as Classic lettering would seem most suitable on the 
drawings for a purely Classic design; while each letter or legend 
would look equally out of place on any one of the other drawings. 

LETTER FORHS. 

It may be said that practically all the lettering now used 
in architectural offices in this country is derived, however re- 
motely it may seem in some cases, from the old Roman capitals 
as developed and defined during the period of the Italian Renais- 
sance. These Renaissance forms mav be best studied first at a 

t. 

large size in order to appreciate properly the beauty and the 
subtlety of their individual proportions. For this purpose it is 
well to draw out at rather a large scale, about four or four and 
one-half inches in height, a set of these letters of some recognized 
standard form, and in order tc» insure an approximately correct 
result some such method of construction as that shown in Figs. 
1 and 2 should be followed. This alphal>et, a product of the 
Renaissance, though of German origin, is one adapted from the 
well-known letters devised bv Albrecht Diirer about 1525, and is 
here merely redrawn to a simpler constructive method and ar- 
ranged in a more condensed fashion. This may be accepted as a 
good general form of Roman capital letter in outline, although 
it lacks a little of the Italian delicacy of feeling and thus be- 
trays its German origin. 

The letter is here showTi in a complete alphabet, including 
those letters usually omitted from the Classic or Italian inscrip- 
tions: the J, TJ (the V in its modern form) and two alternative 
W's, which are separately drawn out in Fig. 1. 

These three do not properly form part of the Classic alpha- 
bet and have come into use only within comparatively modem 
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limea. For this rt'ason in auy strictly ClaMiic iiii<crt))tioi) the 
letter I should he used in pluw of the J, uinl the V in place 
of the U. It is sometimes iieces^ary to iiw the \V in onr modern 
sjiellinf;, when the one comiKwed iif the donlile V should alwa^'S 
be omp)<iv«l. 

The svstem of constniciion fliown in this nlphaU't is not 
exactly the one that Diirer himself devi.M'il. The main forniii 
of the loiters as well aa their iirii|Mjrtions an- very closely copied 
from the orif^inal iilphalx't, hnt the eoiiHtriii'tion luis lM-4>n some- 
what simplitieil and m»mo few minor ehnnpes nuidr in the letters 
themwlves. teixlinf; more towards u inoilern and nn)re uniform 
eliaraeler. The two W's, one sliowinp the consirnctiou with the 
Hue of the two overlapping letter Vs. an<l one showing the W 
incorporated nimn the »amo siimire nnit wliieh carries the other 




letters (the latter f-inn U-ing llie one 
are shown s<'paraiely in Kig. I. Ii >h 

letter in the atpbithHl, rxeepi ot r 1 

the n-4plisile wjilih sneh h.i the I u 



u^ed l.y hiirer himself), 
.III. I U- iioti.t-d that every 
ivo that of nf-i-essiiy lack 
III J !)• hiiMil u|)on au<l 



fills lip the ..ntline ..f a -^.[niirr. ..r in l! .isi. ..f the round letters, 

■ circle which is itself «-..nliiiiied wiihin ilie s.|iiiirc. This ulpha- 
het should U' e..rn|iared with tl..' alfliaUt in Fig. 4. allrihntpd 
to Sebastian Serlio, an Italiiui iirrliil.vl ,.f the >i\re,nlh eenliiry. 
By means of this <'..rnp»ris.in ii very l'"--! idea may 1m' nhiained 
of the diffen'nc<-s an<l ehariKteri-^ries wlii.h .listiiignisU the Italian 
and German trails in prHi-iinilly eonleni|«iranMuiJ' h-tierinir. 

After one.. Hrawinj; oni these letters ut ii liirp- sire, the be- 
ginner may find that he has nneonseioiisly acHinin-<I a l«'tler con- 
ttnictive fe<ding for the general pn.jv.rlinns of the indirul-al let- 
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ters and should thereafter fonn the letters free-hand without the 
aid of any such scheme of construction, merely referring occa- 
sionally to the large chart as a sort of guide or check upon the 
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eye. For this purpose it should be placed conveniently, so that it 
riiny be referred to when in doubt as to the outline of any in- 
dividual letter. By following this course and practicing thor* 
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oughlj the use of the letters id word combinations, a ready com- 
mand over this important stylo of letter will erentuaUy be 
acquired. 








Tn praftirt' it will wn.h !«■ liiscnvin.l tluit n Ifttor in outline 
and «.f a Hnmll si;;c if iihtc dilfit-nll tn .Iruw tl.im -w- solidly 
blackwi-in, UrauiK' the di-fiiiiiig wiitliiie imi«t lif cvm ii|).ni both 
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its edges,* and that as the eye follows more the inner side of this 
line than it does the outer, both in drawing and afterwards in 
recognizing the letter form, the inaccuracies of the outer side of 
the line are likely to show up against the neighboring letters, and 
produce an irregularity of effect that it is difficult to overcome, 
especially for the beginner; while in a solidly blacked-in letter, 
it is the outline and proportions alone with which the draftsman 
must concern himself. Therefore, a letter in the same style is 
more easily and rapidly drawn when solidly blacked-in than as 
an "open" or outline letter. In many cases where it is desired 
to give a more or less formal and still sketchy effect, a letter of 
the same construction but with certain differences in its charac- 
teristics may be used. It should not be so difficult to draw, and 
much of the same character may still be retained in a form that 
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MMJCT VNDOLPH K)Si /KHTtCT ONC KIMFU AND FIPTY JOC FirTH A«NUC NEWYORK OTf 



Fig. 3. Title from Competitive Drawings for the Taunton Public Library 
Courtety of Albert Randolph Ross, Architect 



is much easier to execute. Some such letter as is shown at the 
top of Fig. 10, or any other personal variation of a similar form 
such as may be better adapted to the pen of the individual drafts- 
man would answer this purpose. The titles shown in Figs. 3 and 
5 include letters of this same general type, but of essentially 
different character. 

In drawing a letter that is to be incised in stone it is cus- 
tomary to show in addition to the outline, a third line about in 
the center of the space between the outside lines. This addi- 
tional line represents the internal angle that occurs at the meeting 
of the two sloping faces used to define the letter. An example is 
shown in Figs. 24 and 25, while in Fig. 7, taken from drawings 
for a building bv McKim, ^fead & White, the same convention 
IS frankly employed to emphasize the principal lettering of a 
pen-drawn title. 
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For the purpose of devising a letter that may be drawn with 
one stroke of the pen and at the same time retain the general 
character of the larger, more Classic alphabet, in order that it 
may be consistently used for less important lettering on the same 
drawing, it is interesting to try the experiment of making a 
skeleton of the letters in Figs, 1 and 2. This consists in running 
a single heavy line around in the middle of the strokes that form 



JERSEY' CITY • FREE - PVBLIC - UBRARY 

eRTTE-iWD-aACON • ARCHTTECXS • IIl-HFm-AVENVE-N£W-VDItKrCnY» 

Fig. 6. Title from Drawings for the Jersey City Public Library 
CovaUty of BriU db Bacon^ Architectt 



the outline of these letters. This "skeleton" letter, with a few 
modifications, will be found to make the best possible capital 
letter for rapid use on working drawings, etc., and in a larger 
size it may be used to advantage for titling details (Fig. 9). It 
will also prove to be singularly effective for principal lettering 
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Fig. Fig. 6. "Skeleton" Construction of Letters Shown in Fig. 21 Mg. 2. 

on plans, to give names of rooms, etc. (Fig. 13), while in a still 
smaller size it may sometimes be used for notes, although a 
minuscule or lower case letter will be found more generally useful 
for this purpose. 

In Fig. 6 are shown four letters where the skeleton has been 
drawn within the outline of the more Classic form. It is un- 
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necessary to contimie thiM ex|KTi- 
uwui at a ^n^ater length, as it is 
lK'li<*vc(l the i<h'a is sntlieieiitly de- 
velnpcMl in these four letters. In 
a^Mition it is mcTelv the tlieoreti- 
<*al j>art of the exjKTinient that it 
is <lr>iraMe to impress niw)n the 
<lraftsnian. In practice it will Ik3 
foiuul a<lvisahh' to make certain 
further variations from this "skel- 
eton'' in order to obtain the moat 
jdcasinc: efr«K?t j>ossihle with a 
single-line letter. But the basic 
relationship of these two fonns 
will amply in<lirat(» the propriety 
of using them in combination or 
upon the same drawing. 

It will 1m' f«»un«l that the letter 
more fully shown in Fig. 10 is 
alm«»st the same as the letter pro- 
due<'«l by this **skeleton" metho<l, 
♦ xcept that it is more eondensiMl. 
That is, the h'tters are narrower 
f«»r their height and a little fre<'r 
or easier in treatment. This 
means that thev can l>e lettered 

ft 

more rapidly and occupy IrsH 
space, and al-^o that they will pro- 
dtici* a more felicitous effect. 

Tn actual practice, the free cap- 
ital^ -hown in Fig. 10 will be 
found to 1k» of the sha|)e that can 
Ik* made most raj»i«lly and easily, 
and this stvle or some similar let- 
ter shouhl 1k3 Ftudied and practiced 
Vcrv eanfullv. 

Other example** of similar 

one-line capitals will bo found 
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used with classic outline or blacked-iii capitals on drawings, 
Figs. 3, 5 and 7. 

In Figs. 8, U and 13 these one-lino letters are used for 
principal titles as well, and with good effect. 

In Fig. 10 is shown a complete alphabet of this single-line 

blLL OF INDIANA LIMESTONE 
<^bNLStt VALLEY TRJiST C03 bVILDIN^a 

Fig. 8. Titio from an Architectural Drawing 
Courtesy of Claude FayeUe Bragdon, Architect, Rochester, New York 

letter, and the adaptability of this character for use on details is 
indicated by the title taken from one and reproduced in Fig. 9. 
In the same plate, Fig. 10, is also shown an excellent form of 
small letter that may be used with any of these capitals. It is 

Detail N^-d^g) of 
Treejione Jheet C 

4o5 • Commonwealth Ave. 

Fraiik • Chouteau • brown -Architect,- 



Hr. 0. Title from Detail 



quite as plain as any Engineer's lett(-r, and is easier to make, 
and at the same time when correctly placed upon the drawin<]j 
it is much more decorative. This entire plate is reproduced at 
a slight reduction from the size at which it was drawn, so that 
it may be studied and followed closely. 
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LETTERS FOR^ 

^ PRINCIPAL' 

TITLE5 ' 

.SCALE THREE- QVMtXRS • 
•OFANINCHEQyiM^- ONE- 
FOOT 

• Small Letteivy aobcd- 

efohvjklmnopcpvstuv • 
• \vxy2 • for nrpiawork.- 

CAPITALS -ABCDEG 
FHIJKLMNOPQRJT 

UYXNaT/Z FREE HAND 



I .»,• I I I , • t. r . ! r Vf .i> 'i^r il « »t?,- 1 I .1- 



185 



12 ARCHITECTURAL LETTERING 

Fig. 10 should be most carefully studied and copied, as It 
represents such actual letter shapes as are used continually on 



AKALPhAbEZ 

Br ARQHirECTS 

akJeGhuklmnofxj 

rstuvwocuz izj4^6j 

fSecondBoDY 



NOPQk^TUVWYL 

A good alphabet £r 

ktterim plan 



Fir. 11. Panel Sho^in'' Sinnlo-Tjiif Italic I>cttera 
Courtettv of Claudr Fnyitte Iirng,l<i'i, Architvct, Rochester, Xrw York 

architectural drawings, and such as would, therefore, be of the 
most use to the draftsman. lie should so perfect himself in these 
alphabetr that he will have them always at hand for instant use. 
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Thp aliihalx-t:! o{ capital aii-l iiiiiMis<-iiIc ono-linc letters 
fhown ill Fip. 11 an' similar in p ii.-ral iy\n- i.. tli.>?e \w havo just 
U't-n .ii-<-iis.-injr. exwj.t that iti-y ar>- ■■]-\-^A or iiicliiH-.) Ull.-rs 
.;»-! thfn-f..n- .-..ni.- m.-i.-r lli. l,.;i.iii.i: -f -Ilali^-s." Th,- lialic 
letter is oriinarilv ii>*-t t.- ('tiij>lia>iz.- a w.^nl or phrase in a 
Beiitenc«' wiicn- tin- iiiaji-r ["■■rti'iii >•{ ilie liitirs an- upright; 
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aALurrsjb by ^an gallo 



l«it wli.n- Ih- ei.iir.' l.pii.l is l.-ti.n.i i>i Inili.-s tliis .-ff.-et of 
i-iiipliBi'iii is iiui tioii.ciilili', uikI II pli:i-i(ifr iiikI M.mc\vhni iiii)re 
niuisiial .Irawiiip i- lik.-Iv t.. nsuli. If it is .|,..ni..l n.ivisal.l.- to 
cinplianiM- atiy iK>rli<iti >•{ tin- li-itiriiitr <'ii smli a >lrH\viiig, it is 
r)MT!wary only tn ri-vi-rt tn tho iipri^-lil form of Iiller fiir llial 
port inn. 

Tli<- )>iiif;I<'-liiie capitals nii<l Miialt Nttirn on th<- usual an-h!- 
Iwtiiral plan nr wurkinp ilniwinfr iiri' illiisiniti.I in Fip. l-'l, wlnrv 
»\ich a plati Jh reprmluced. This drawiuf; was unl our mailo spe- 
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cially to show this point, but was selected from among several 
as best illustrating the use of the letter forms themselves, as well 
as good placing and composition of the titles, both in regard to 
the general outline of the plan and their spacing and location in 
the various rooms. It is apparent that it is not exactly accurate 
in the centering in one or two places. For instance, in the general 
title, the two lower lines are run too far to the right of the 
center line, and this should be corrected in any practice work 
where these principles will be utilized. It may be well to say 
that the actual length of this plan in the original drawing was 
thirteen inches, and the rest of it large in proportion. The 
student should not attempt to redraw any such example as thia 
at the size of the illustration. lie must alwavs allow for the re- 
duction from the original drawing, and endeavor to reconstruct 
the example at the original size, so that it would have the same 
effect when reduced as the model that he follows. 

The letters for notes and more detailed information should 
be much simpler and smaller than and yet may be made to accord 
with the larger characters. Such a rapid letter as that shown in 
Fig. 10, for instance, may be used effectively with a severely clas- 
sical title. Of course, no one with a due regard for propriety or 
for economy of time would think of using the Gothic small letter 
for this purpose. 

The portion of a drawing shown in Fig. 14 illustrates an- 
other instance of the use of lettering on an architectural working 
drawing. The lettering defined bv doiiMo linos is in this case 
a portion of the architectural design, the two letters on the pend- 
ant banners being sewn on to the cloth while those on the lower 
portion of the drawing are square-rai.^od from the background 
and gilded. Single-line capitals are used in this example for the 
notes and information necessarv to understand the meaning of 
the drawing. 

A drawing of distinction should have a principal title of 
equal beauty, such as that shown in Fig. 5 or Fig. 7. The ex- 
cellent lettering reproduced in Fig. 12, from a drawing by ^fr. 
Claude Fayette Bragdon, is a strongly characteristic and in- 
dividual form, althoucrb based on the same "skeleton" idea as 
the other types of single-line lettering already referred to. 
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Tbo ">ki-l*i"n" lH!«-r, f'>mM-*l ■•ii tin- rla,v.-ic Ronimi ](-;ier. 
difijiUTS qaite a?- clearlv a? •!■■*■# ihc oi-:i-;nictive jiysiem t-f Al- 
tin-clit I>ui>r. th>- iii?iui<-iivi]_v ^/--ir' iiT.t! ..f iln> H.-iiun cajM- 
tal. TIm- tiiTin- I>-<iiiau alj-iial- i i:- l-iiil! HiB-n this sqiian- and 
iu units. Till- linf-rr >h-'Wii in Fisr-. -- an-i I'o arc n-lrann fmm 
nihi'iiir^ "f "M luarM"' iii-.Ti[i:i.-ii-. in tin- K<>iiian F.>nim. and 
luav U- lakni a? rf-[Te*<-utativi- ..f i!,.- U-~i kind <•{ olas-iic lolier 
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for iii<-isi..n U> Mono. T!i.- Itiinr l.tt.-r. wt.ilo ;» |.r.>.hn-I ..f ji laUT 
iM-ri.-l. i- (i.ij.laiiii Mi.llv il,. ,ai,i. . an.l .liff. r- ..nlv in n.iii.T, if 
<-Laru.-i.Ti^ii--. .i.tail-. ll-u.v.r. f.-r piirj-.-.-^ "f .•..iiii.ari>..ii it 
will *j-r\-«- I.. »Ii..\v it].- .iitT'r.ii<-.- UlMM II II I.ttcr iticiH.I in mar 
hlf. or in any i.tli.r inalirial. ami inii- .ii-sicniii for iih' in li-IIir- 
ing in Mack ink SfiainM a wliilc liai-kcronnd. 

COMPOSITION. 

Aflor arqiiirlnc a pnfliciint kn-wliilp. of l.-iirr form*. thi» 
alnili-nt ia n-a'lv lo la-pin lIn- i^liniy of "lilli rinc-" Wliit.- a 
knowlivlpp of arrhilc-flnral hoawtv of fonn is tin- lii^t i^si-iilial, it 
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is not the vital part in lettering, for the composUion uf thes** s<»j> 
arate characters is by far the ni<)st iuijHirtaiii part of the problem. 

Coni|K>sition iii battering is ahnosi t<M> intangible to define by 
any rule. All the snggrstions that may U* given are of ne<*t*ssity 
laid ont on merely mathematical formnlu', an<l as such arv in- 
capable of e<]ualing the result that may b<» obtaintHi by spacing 
and pHwlucing the effe<*t soh*ly fmm artistic experience and intui- 
tion. The final result should always l)e judged by its cffc^ct ujxm 
the eye, which must Ik- trained until it is susceptible to the slight- 
est deviation from the jM»rf(»<*t whol(». It is more difficult to <letine 
what go4Ml composition is in lettering than in painting or any 
<»ther of the m<»re geni*rally accepted arts, an<l it resolv(»8 itself 
back to the same* problem. Tlie eve must Ik» traiiu'd bv constant 
study of g<Mid an<l pleasing forms and proj)ortions, until it appre- 
ciat(»s instinctively almost intangible mistakes in spacing and ar- 
rang<»ment. 

This |xiint of **composition" is so important that a legi^nd 
of most lK»autifid individual letter forms, badly jdacetl, will not 
pr<Mluc(» as j)leasing an etTe<*t as an arrangeiiu'iit of more awkward 
U'tters when thi'ir com|x»>ition is g<MMl. This quality has lK»eii 
s<i much disregard«"d in the musiileration of b'ttering, that it is 
im|>ortant the student's attention should Ih» dinH»t«»d to it with 
ad<Iitional force, in order that he may Ix'gin with th«* right fend- 
ing for his Work. 

An ext'eUeiit exampb* of roHipo^iitioii juhI spacing i< .-^hown 
in Fig. !*'», fnun a drawincr by Mr. .\ddi<on 1^ Le l^iutillier. The 
relation U'twi^Mi the two panels of lettering and the va^e form, 
and the placintr of the wlp»Ie on the paper with regard to its 
tnargin**, etc.. are exceptionally pM»d. and the rendered shajH* of 
the vase i«» ju>t the projMT writrht and color in ref«*renee to the 
Weight aiul color of the leltrred j>anel<. 

In tins reproduction the l>order line represents the i^ltje of 
the pafxT ujMin which the desicrn itself wa< printed, and not a 
l>order line enclosing tlie jmnel. The real effi'ct of the original 
'vmipositirin can l>e obtained only by eHminatinir the paj>fr out- 
fiide of thi«» margin arid l»v studyincr the placing and u\\\^^ of the 
defiign in relati«»n to the remaining "s|»ot" and j>ro|>ortion< of the 
paper. Perhap"* the simjd«^t and nui^t cc»rtnin way to n^alir.e the 
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effect of the original is to cut oat a rectangle the size of this panel 
from a differently colored piece ot paper, and place it over tie 
page as a " mask," so that only the outline of the original desigD 
will show through. 

The other example by the saire designer, shown in Fig. 15, 
is equally good. The use of the letter with the architectural 
ornament, and the form, proportion, spacing and composition of 
the lettering are all admirable. 

The title page, by Mr. Claude Fayette Bragdon, shown in 
Fig. 17, is a composition in- 
cluding the use of many differ- 
ent types of letters; yet all be- 
long to the same period and 
style, so that an eflfect of sim- 
plicity is still retained. In 
composition, this page is not 
unlike its possible composition 
in type, but in that ease no such 
variety of form for the letters 
would be feasible, while the en- 
tire design has an effect of 
coherence and fusion which the 
use of a pen letter alone makes 
possible, and which could not 
Ik" obtained at all in typograph- 
ical examples. The Ireatment 
of the ornament incorporated in 
Fig. 17. Bwik Tiik- Pose this dcsigii should be noticed for 

CviiTten of Claude FanrlU Brngilon, ArcliUta. -. ■ I , 1 I • I • l_ 

K«4«(cr, A>w I'uf* lis woighf and rendering, which 

hear an exact relation to the "color" of the letter employed. 

In Fig. 18 is a letlercd panel that will well repay careful 
study. The composition is admirable, the letter forms of great 
distinction— especially the ."^mall letters — and yet this example 
has not the innate refinement of the others. The decorative 
panel at the top is too heavy, and the ornament employed has 
no special beauty of form, fitness, or charm of rendering (com- 
pare Figs. 15 and 16). while the weight of the panel requires 
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some such over-heavy b«>nlir treaiiiunt as has Ikch uschI. Here, 
again, in the slight (loihii- eusping at the aii^'les a hiek of n^straiut 
or judgment on the part of iht- «ii>igiitr is iiplirati"!, this CJotliic 
touch being entirely out of kt*ejiing with tin- lettering itsi'lf, and 
only partially deniandt»<l l»y the «lt-<*oraiive j»anel. Of iHjurse, ic 
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I t< 1'^ A i* • rt.-ii.i: \:.ti . ui--* tn«'nl wiih Ki«^ 11« tit Ix tt< nit^ ( '••:i)}r>«4U ri 

i« ea!»v to sf»e that thr<r faults arr all to l>e attrihnted to an 
atteni|>t to nttraet and hold the <y<* and thus add to the value 
of the de>ign as an advrrtiseimiit : l»nt a surer taste cnhiM have 
obtaint^i this rt'sidt and yt't not at the I'XjH-nse <»f tin* eoin|>ositi<»n 
a wlioh*. It is nev<'rth<d<»ss an adinirahh* pic^'e of work. 
In Fig. 10 18 shown an example of the use of lettering in 
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compoiiitioii, in connection with a bolder design, in this casci 
for a bouk cover, by Mr. II. Van Biiren Magoniglc. Note tbe 
nice sense of relation bctweeu tbe style of lettering employed and 
ihe design itself, as well as the subjeet of the work. The letter 
form is a most excellent modernization of the classic Itomau 
letter shape (compare Figs. 22 and 23). 
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The stndent mnst be ever appreciative of all examples of the 
good and bad nses of lettering that lie sees, until he can distin- 
guish the niceties of their composition and appreciate to the 
utmost such examples as the first of these here shown. It is only 
by constant analysis of varied examples that he can be able to 
diatinguisb the points that make for good or bad lettering. 
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SPACINQ. 

There is a workable general rule that may Be given for 
obtaining an even color over a panel of black lettering ; that is, if 
the individual letters are so spaced as to have an equal area of 
white between them this evenness of effect may be attained. But 
when put to its use, even this rule will be found to be. surrounded 
by pitfalls for the unwary. This rule for spacing must not be 
understood to mean that it applies as well to composition. It does 
not: it is, at the best, but a makeshift to prevent one from going 
far wrong in the general tone of a panel of lettering, and must 
therefore fully apply only to a legend employing one single type 
of letter form. 

One with sufficient authority and experience to give up de- 
pendence upon merely arbitrary rules, and to rely upon his own 
judgment and taste may, by varying sizes and styles of letters, 
length of word lines, etc., obtain a finer and much more subtle effect. 

To acquire this authority in modern lettering it is necessary 
to observe and study the work turned out today by the best de- 
signers and draftsmen, such as the drawings of Edward Penfield, 
Maxfield Parrish, A. B. Le Bout ill ier and several others. The 
architectural journals, also, publish from month to month beauti- 
fully composed and lettered scale drawings by such draftsmen as 
Albert R. Ross, H. Van Buren Magonigle, Claude Fayette Brag- 
don, Will S. Aldrlch and others, who have had precisely the same 
problem to solve as is presented to the draftsman in every new 
office drawing that he begins. 

Of course, the freer and the further removed from a purely 
Classic capital form is the letter shape employed by the drafts- 
man, the less obliged is ho to follow Classic precedent; but at the 
same time he will find that his drawing at once tends more toward 
the bizarre and eccentric, and the clianeos are that it will lose in 
effectiveness, quietness, legibility and strength. 

The student will soon find that he unconsciouslv varies and 
individualizes the letters that he constantly employs, until they 
become most natural and easv for hin^ to form. This insures his 
developing a characteristic letter of his own, even when at the 
start he bases it upon the same models as have been used by many 
other draftsmen. 
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niNUSCULB OR SHALL LBTTBRS. 

In taking up the use of the small or minuscule letter, a word 
of warning may be required. While typographical work may 
furnish very valuable models for composition and for the individ- 
ual shapes of minuscule letters, they should never be studied for 
the spacing of letters, as such spacing in type is necessarily arbi- 
trary, restricted and often unfortunate. Among the lower case 
types will be found our best models of individual minuscule 
letter forms, and the Caslon old style is especially to be com- 
mended in this respect; but in following these models the aim 
must be to get at and express the essential characteristics of each 
letter form, to reduce it to a "skeleton" after much the same 
fashion as has already been done with the capital letter, rather 
than to strive to copy the inherent faults and characteristics of 
a type-minuscule letter. The letter must become a "pen form" 
before it will be appropriate or logical for pen use; in other 
words, the necessary limitations of the instrument and material 
must be yielded to before the letter will be amenable to use for 
lettering architectural drawings. 

The small letters shown in Figs. 17, 18 and 20 are all 
adapted from the Caslon or some similar type form, and all ex- 
hibit their superiority of spacing over the possible use of any 
type letter. Fig. 20 is a particularly free and beautiful example 
indicating the latent possibilities of the minuscule form that are 
as yet almost universally disregarded. An instance of the use 
of the small letter shown in a complete alphabet in Fig. 10, may 
be seen in Figs. 9 and 13. 

In lettering plans for working drawings, the small letter is 
used a great deal. All the minor notes, instructions for the 
builders or contractors, and memoranda of a generally unimpor- 
tant character, are inscribed upon the drawing in these letters. 
Referring again to Fig. 10, the letters at the top of the page would 
be those used for the principal title, the name of the drawing, 
the name of the building or its owner, while the outline capitals 
would be used in the small size beneath the general title, to indicate 
the scale and the architect, together with his address. In a small 
building, or one for domestic use, these same letters would be 
employed in naming the various rooms, etc., although in an 



188 



ARCHITECTURAL LETTERING 



25 




o 
n 



n 

< 

g 

< 



o 
n 



o 



CO 



s 



< 

o 



»4 



u 

CO 



199 



26 ARCHITECTURAL LETTERING 

elaborate ornamental or public building, letters similar to those 
in the princij)al title might be better used, while the minuscule 
letter would be utilized for all minor notes, memoranda, direc- 
tions, etc. By referring to Figs. 3, 5, 7, 8, 9, 13 and 14, examples 
from actual working drawings and plans are shown, which should 
sufficiently indicate the application of this principle. 

It must again be emphasized that practice in the use of these 
forms combined together in words, as wel> as in more diffi- 
cultly composed titles and inscriptions where various sizes and 
kinds of letters are employed, is the only method by which the 
draftsman can become proficient in the art of lettering; and 
even then he must intelligently study and criticise their effect 

INTERJVDLS 

bene-atli tlio lines odT SIR. 

WCHARD LOVELACE/ 'v-T 
POEM calea — " To Luoafta 
on going to the-» wars 

whicli saitK : 

Fig. 20. P«Ti-Drawn HcaJin;^ 
Courtesy of Hurry Everett Townaend 

after they are fini^licd, as well a.^ study continually the many good 
drawings carrying lettering reproduced in the architectural jour- 
nals. For this juirpose, in order to keep abreast of the modern 
advance in this requirement, he must early learn to distinguish 
between the instances of good and ])ad composition and lettering. 

ARCHITECTURAL INSCRIPTION LETTERINQ. 

The use of a regular Classic letter for any purpose neces- 
sitates the reversion to and the study of actual Classic examples 
for spacing and composition. In using this leiier in a pen- 
drawn design, certain changes must be niad(» in adapting it from 
the incised stone-cut form — which variations are, of course, prac- 
tically the reverse of those re(]uired in first adapting the letter for 
use in stone. The same letter for stone incision requires, in 
addition, a careful consideration of the nature of the material, 
and the spacing and letter section that it allows. Also the effect 
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of a letter in the inscription in place must be carefully studied, 
its height above or below and relation to the eye of the observer.' 
The fact is that the letter form must in this case be determined 
solely by the light and shadow cast by the sun on a clear, bright 
day, or diffused more evenly on a cloudy one. If in an interior 
location its position in regard to light and view-point is even more 
important, as the conditions are less variable. 

CLASSIC ROMAN LETTERS. 

In any letter cut in stone, or cast in metal, it is not the out- 
line of the letter that is seen by the eye of the observer, but the 
shadow cast by the section used to define the letter. This at once 
changes the entire problem and makes it much more complicated. 
In incising or cutting a letter into an easily carved material, such 
as stone or marble, we have the examples left us by the inventors, 
or at least the adapters, of the Roman alphabet. They have gen- 
erally used it with a V-sunk section, and in architectural and 
monumental work this is still the safest method and the one most 
generally followed. One improvement has been made in adapt- 
ing it to our modem conditions. The old examples were most 
often carved in a very fine marble which allowed a deep sinkage 
at a very sharp angle, thus obtaining a well-defined edge and a deep 
shadow. In most modern work the letters are cut in sandstone 
or even in such coarse material as granite, where sharp angles and 
deep sinkage of the letter-section is either impossible, or for com- 
mercial reasons influencing both contractors and stonecutters, very 
hard to obtain. To counterbalance this fault a direct sinkage 
at right angles to the surface of the stone before beginning the 
V section has been tried, and is found to answer the purpose 
very well, as it at once defines the edge of the letter with a sharp 
shadow. See the two large sections shown in the upper part of 
Fig. 31. 

This section requires a letter of pretty good size and width 
of section, and, therefore, may be used only on work far removed 
from the eye, as is indeed alone advisable. An inscription that 
IS to be seen close at hand must rely upon the more correct section 
and be cut as deeply as possible. For lettering placed at a great 
height, an even stronger effect may be obtained by making the 
incised section square, and sinking it directly into the stone. 
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Iq Fig. 21 13 Bhown a photograph from a model of the 
incised V-9unk letters cut in granite on the frieze of the Boston 
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Public Library. Tliia pliofngraph imliontes the shadow effect that 
defines the incised form of the lotlfr, an<l will assist the sfudent 
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somewhat in determining the section required for the best effect 
It will be observed that this letter is different in character from 
the one used by the same architects in a different material, sand- 
stone, shown in Fig. 24. 

In Fig. 22 is shown an alphabet redrawn from a rubbing of 
Roman lettering, and in Fig. 23 are shown portions of Classic 
inscriptions where letters of various characters are indicated. 
These letters were very sharply incised with a V-sunk section in 
marble, and were possibly cut by Greek workmen in Rome. It 
is on some such alphabet as this that we must form any modern 
letter to be used in a Classic inscription or upon a Classic build- 
ing. These forms should be compared with the letters shown in 
Fig. 24, on the Architectural Building at Harvard, by McKim, 
ilead & White, architects, where they were employed with a full 
understanding of the differences in use and material. The Roman 
letter was cut in marble; the modern letter in sandstone. Both 
were incised in the V-sunk section, but the differences in material 
will at once indicate that the modern letter could not have been 
cut as clearly nor as deeply as the old one. The modern letter 
was done a little more than twice the original size of the old one, 
which explains certain subtleties in its outline as here drawn. 
The sandstone being a darker material than the marble, the letter 
should of necessity be heavier and larger in the same location, 
in order to "carry" or be distinguishable at the same distance; 
while the Classic example, being sharply and deeply cut in a 
beautiful white material which even when wet retains much of its 
purity of color, would be defined by a sharper and blacker outline, 
and therefore be more easily legible, other conditions being the 
same, even for a longer distance. In both these figures, the 
composition of the letters may be seen to advantage, as in even 
the Classic example, where they are alphabetically arranged, they 
are placed in the same relation to each other as they held in the 
original inscription. A complete alphabet of the letter shown in 
word use in Fig. 24, is shown at larger size in Fig. 25. 

Although the lettering of the Italian Renaissance period was 
modeled closely after the Classic Roman form, it was influenced 
by many different considerations, styles and peoples. 
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ITALIAN RE- 
NAISSANCE 
LETTERING 

ABCDEFG 

HIJKLMNE 

OPQRSTU 

VXWYZ 

Fig. 27. Italian Uenaissance Lettering Adapted from Inscription Shown in Fig. 26 
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In Fig. 2i) 18 shown a fragment of the inscTiption on the 
Marsnppini tonih at Flomicc. This ontliiu* h'ttcr was traced 
from a rnhhing, aini shows very nearly the exaet eharaeler of tho 
tripinal, a marble incised letter. Fig. 27 is an alphaln^t devised 



fjij?ji\eii-pcippiii-WBi 

Vig 2*» Italian U'-naj^^atin- In'»<'n;»iinn nt II<i|i»Kna 

froni this inriM'd IrttiT for us** as a |»rn-<lrawn form and redrawn 
at th<» same siz«». It will In* iH»tice<I that in thr letters shown in 
thi* fonr lowiT linrs a ipiitr ^lifTrn-nt serif* treatment has l)een 
ntlopti»<l, nihl tMTtain t»f tl:r httrr<, sn<*h as the F/s, have l)eon 

m\m'9-'D-m 

QOBl-De RnOH 

pis-DGReeiaei 

**<*\t#»inhMr* nr nuHh' wi<h r in |»n»|M»rt ion. Thr-e variations are 
•'u<*h as ni'Mlrrn ta-^tr wnnM trrnrrallv a<Iv<»<*at«', Imt in the fin*t 
thri'e lines of this plate the feelinir, serif tn*atmeT»t and letter 
wi«lth of the nriirinal have Iw^-n retained: tin* <nily change has 

•N'oTF Tbr "srrif* i< thr ^hnrt <pur nr rro<< Mrokf tisfd to define 
and end thr main upright and hori/nntal linM of the letter. 
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Boao 




mooQ 

QQO(3 

av«ii2 




AlphaUvt „f Uneiil Uutbic Tupilal Letters, SiHceQlh Crnlury 
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Ux*u to narrow up tlu* thin liiicH in n*l;itioa to the thick lines 
to the pro]K)rtion8 thut thr^* should have in a solidly black and 
inke<l-in letter form. 

The two small panels, one from a m<inument in Bologna, and 
one from the Chiaravelle AbU'V in Milan, Figs. liS and 2!>, show 
a letter whieh was ineised in stone an<I follows the so-ealled uncial 
or round form, with characti'ristirs sln»wi!ig the prolmhle influence 
of the Hv/antine art and period. The>e two in>eriptions may l)c 
compared with an<»ther alphaln't showing the uneial character 
when used in Mack against a white page, as in Fig. .*>0. This 
banu* St vie of letter was often used in metal, an<I mav U' si^'n iu 
many of the m(»rtuary slabs of this and succeeding {)eriod8. 



SECTIONS V. 

.STONE- /\ 

rj \ 

;C • r'^ -MODEEN' 




TV 



-MAUIX- GRANnX.- 

METAL- 



•WODD 



In many of tin* ltrii;ii--a!ief wall m«>numents the V-sunk 
letter M-etioiis have Ih'iii tilled \uth a Mark putty to nuike the 
h'tter verv eh-ar, and wh«n thi-i falU out, as it i»ften thn^s, the 
Vent si*<*tion mav ^till In- M-m iM-hind it. AUo in numv Italian 
A****r slabs tlie letters an* iithrr V --unk «»r ^hall«»w, <ipuire sinkap^ 
filbil with ma'^tie, or sniiniiiin-i th« y an* «»f iidai'l nuirble of a 
r<»|or ditTin*nt fn»m ihi* irround. .\gain a V •*uiik btter si-^'tion 
sometimes carries an additional effivt Ix-cause it is smoothly cut 
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ae^Kijkl 



Fig. 32. Typical English Seventeenth Century Letters. Tukcu from Tumb:5tones 
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unil iiuisheil und the surface of the .^tDiif is left rough, thus 
uhtaining u Jitferent texture and eulor etieet ; or, though mure 
rarely, the uppobite treatment ma} he used. Then, again, the 
sides of the letter linkage may he painted or gilded. Often even 
the shadow is painted into the section, hut this is generally done 
on interior cutting where there is no direct light from the sun, 
U»i'auso if dinrt sunlight d(K*s fall upon a letter so treated, a very 
amusing efftrt (Kvurs when the shadow i> in any other position 
Uian that occupied hy the painte<l repres^-ntation. 

For still further effects, raised Uttrrimj may Ik' cut on stone 
surfaces. This is more ex|K*nsive, as it necessitates the more lahor 
in cutting hack the entire grouml of the pan<'l, hut for certain 
puri)ose8 it is very appropriate. 

In such a letter the s^vtion may he a raised V-shajM?, or it 
mav he roiindtMl over to make a half circle in scrtion, as drawn 
in Fig. 31. This latter form is <»spe<-i;illy ttTi'iMive in marble, 
hut it is, of course, very delicate and do^'s not carry to any 
great distance. Its use shouhl 1h» restricte<l to snnill monu- 
mental headstones or to lettering to 1k» read close to, and below 
the level <»f, the eve. 

A raised letter is more geniTally appropriate for cast copper 
and bronze tablets, when its s<K»tion may 1h> a half round, a 
raiscnl V-form, or s<|uaro-rais<Ml with sharp corners; or, lK»tter 
still, a or»nd»imition of s<piare and V raided with a liollow face. 
S4H» Fig. 'H. KxfM'riiMice has pn»ved that this last-name<I s<*ction 
pnMluc€»s the most telling h'tter for an ordinary cast-metal panel. 

Fig. *^J shows an alphalK't of a htter <h*rived from English 
tomlHtonc»s. This letter wa^* cut in slate or an e<pndly friable 
material, and was comparatively shallow. A certain tendency 
toward easing the acute aiitrhs may Im* <»l»«;erv<d in tliis n1phal>et, 
evidentlv r»n account of th<' natnn* of th<* material in which it 
was carved ren<lering it easily ehipp«<l or hn»k<*n. 

In wo<k1 car\'ing. a letter exactly reversing the V-sunk sec- 
tion with direct sinkage, gives tlie Inst eff(rt for a raise<l letter. 

Every material, from it-* nnture and limitations, nMjuires 
special consideration. A letter with r lany angles is not adapted 
to tlate, as that material U liable to chip and sliver; hence an 
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Fit. 33- T)T)ical GermBn Black 1. 



AR( HITECTURAL LETTERING 



4:) 



uncial form with rouiuIiMl angh^s suggests itself (as in Fig. 29), 
and is, iiidtHMl, friHiueiitly iLseil. 

It would i)i* tpiite ini{H>s8ii>le to take up in detail the entire 
list of availuhle niatcTiuIs and consider their limitations at length, 
as the task woiihl Ik; endless. For the same reason, it is not 
|M»s>il)U* to take up eaeh letter style and consider its use in stone 
and other materials. Of eoursi', a Roman letter or any other 
similar form when drawn for stone-ineised us<» must have its 
narrow lines at l<*ast twice as wide as when drawn in ink, black 
a^rainst a white Imck^round. (Compare Figs. 2i\ and 27.) 

KxiH'rien<*<> and intuition eoinhinetl with eomimm sense will 
go farther than all th<* theory in the worhl to teach the limitations 

a(trDrf0ftijKlio: 
DOliUnsmiiBifii 

Kl.IiiC 11 liUckl^tfr AlphAUt Ct. 

re<|uind l»y htt« r form and material. The stmlent, however, 
^hould iH-ar in mind that it is not neefs<«arv that he himself should 
make a nninUr **{ mi^fake^ in •»cder tn ham what nut to <lo. He 
may pf jii'-t a*^ \alnai»lr iufMitnafinn at a less eost l»y oliserving 
the nii»»take«» and -.nen-**!-^ nf oiImP'^ in aetnally ex^-euted work, 
and avail liim-^elf of tlnir <xjMri«*n<*e l»y applying it with intelli- 
gen<*e Ui his own proii|«in< and re<juirenM*nts. 

aOTHIC LETTERINO. 

<fothie htterint: i< extn nnly ditlienlt. and has little practical 
use for the areiiitretnral de«-iirner «»r draft-^man. It is often 
appn»priatf. l»nt it i«» ipiitr p.»'--lli|i* lo irrt al«»nir wifliout einpl«>ying 
this form at all. Ilowi-vi-r, in ean* hr *»h«»nld re<piire a letter of 
this »it\le. it Would Im- Im it«r to nfrr him t«» •^••ini' IxMik where he 
mav fstudv it*i eharaetiri-'tie«< !n«»re partienlarlv, reinemN-rinir it 
is just as imjMirtant he >hould know somi-thing of the history, 
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useS' and materials from which this letter has been taken, as in 
any instance of the use of the Roman form. Indeed, it might be 




said, it is even more important, as (he Golliic letter is more uni- 
versally misunderstood and misapplied than the simpler Roman 
letter. 



ARCHITECTrUAL LETTERING 47 



Fix. 3»\ Ilnchiih Clothir T^tt 
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The alphabet of German black letters shown in Fig. 35 is 
taken from a very beautiful example of Gothic black letter devised 
by Jacopus Phillipus Foresti (Bergomensis) and used by him in 
the title page of "De Claris Mulieribus," etc., published in Fer- 
rara in 1497. Although Italian, this letter is as German in 
eharacter as any of the examples from the pen of Albrecht Diirer. 
A German black letter redrawn from a brass is shown in Fig. 33, 
while an English form of Gothic letter is shown in Fig. 36. 

In Fig. 34 is another example of a black-letter alphabet. 
The entire effect of a black-letter page depends upon the literal 
interpretation of the title "black letter." That is, the space 
of white between and among the letters should be overbalanced 
by the amount of black used in defining the letter form itself. 

Inasmuch as this letter is likely to be used but little by 
architectural draftsmen, and as it is a mu;h more difficult form 
to compose than even the Roman type, it seems better to refer 
the student to some treatise where its characteristics are taken 
up more thoroughly and pt greater length. 

Any draftsman having occasion to use lettering to any extent 
should have some fairly elaborate textbook always at hand for 
reference, and it is belie ed that ^'Letters and Letteiing," a larger 
treatise published by the Bates and Guild Company of Boston, 
from which several of the illustrations reproduced in this pam- 
phlet hfve been borrowed, ontains more material in an easily 
available form than any other textbook on the subject. 



EXAMINATION PLATES, 

In addition to the following Examination Plates the student 
is expected to make careful reproductions of the lettering in the 
foregoing section. 

PLATES I, II, IIL 

Draw the alphabet, using the same construction as given in 
Figs. 1 and 2, and making each .ntor two inches high. Put ten 
letters on each of the first two plates, and on tlie third arrange the 
remainder, including the two forms of W given in Fig. 2. 
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PLATK IV. 
Make a can*ful npnxluotion of V\^, 10 on ilio lt*fi liaiul nUlo 

of the plate. TIu' lcttrr> >hoiil,l Ik* *»f thr >iiliir >i.*r un Ml Ki^. 10. 

On the right-haiui i^'ulv nf thi* )>!afr iis(> tlu Idirr f(»riii!« nhnun m 
Fig. 10 and of tht* same >izf, an<l Iriirr thr follnwimr fjilr^ arriin^ 
ing the legend to l«Hik \v«H on th<- platt*: Vvoui Klt*Miiinn, r«iuh 
try House at (Jlen Ui«lp', Ntw .l<rMV, Ang. J I, l!M):i. huvitl 
Carlson Mead, Archittrt, No. .M»jri State St., ChiiMign, 111. 

PLATK V. 

RepnHlnop on this plate Kigs. 27 and 112 of tlm InHtnirlioii 
Paper, using letters of thi' sann* .^^ize. 

PLATK VI. 

On the li'f' hand -id«- of this plati*, eopy th#' h-tti-riiij/ rImiwh 
in Fie J», Uiakir.L' th'- hrri-r-^ at ha-t as hir^'i- a- tho**- in flu- illfi:; 
lrati«»n. On •!.♦- rii'h* h.ir.d -id*, r'Hov ii./ tli* >;iinf .•»•.!#- ttutl 
?iz#', h**»r •!.•• f •!'••• :l' *>!« : l^'.tW '.f |-.j,*r;ii.«'«- Por* [», ^ 'lUfr 
try H. •:-4- .r i,'*- ll. Ij* . V* -. J.r-'-.. ^-* ;.♦ lo, r»o:; Ila-.i#l 
Tarl^.r* M* .i i. A: ■ :•-*. \* : •.'' S'-.w- S- , ^ Ki-ap'',, IlL 

f* ♦•••. ♦♦#. 
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EXAMPLE OF FREEHAND PEN-AND-INK RENDERING AND LIGHT WASHES 
Compost tlou anil Hrawiiit: hy LMii UirUi, Ari'hlit'i:!, Ik'rlin, UiTiuauy 



FREEHAND DRAWINa 

1. THe Value of Freehand Drawing: to an Architect* Out 

Bide of its geiienil iMlurational value fnM^liaud drawing is as abso- 
lutely essential to the traiiunl arrliitiH't as it is to the professional 
tiainter. It is ohviously luvessary for the representation of all 
except the most j^eoinetrie forms of ornament, and it is e<jually 
iin(K)rtant in makintr any kind of a rapid sketeh, either of a whole 
huildin^ or a detail, whether from nature or in the study of plans 
and elevations. It is perhaps not so p^nerally nndersto<Ml that the 
training it j^ives in stH'inc^ ainl reeoniini^ forms aernnitely, culti- 
vates ni)t only the ftH*linij for relative projiortions and sha|)es, hut, 
also, that very im|M)rtanl arehittH*tural faculty -the sense of the 
third dimension. The essential jjrohlem of most dniwinjr ig to 
exprt*ss lenj^th, breadth, and thiekm»ss on a surface which has 
only lenjxth and brea<lth. As the architect works out on ]>a|)ery 
which Inis only lcn«^th and breadth, his designs for buihiings which 
are to have liMigth, breatlth, and thickne>s, he is oblige*! to visual- 
i»*; to stH* with the mind's eyt» the thicknt*ss of his fornn. He 
must always kiH*p in mind what the actual ap|H*aninct* will t>e. 
Tlie 8tu<ly of freehand drawin<x from solid forms in teachinir the 
repres<*nlation on jwij»er of their ap|H»arance, stimulates in the 
draughtsnuiii his |M»wer of creating a mtMjtal vi^ion of any solid. 
Tliat is, dntwinjf from solids inlucatrs that facultv bv means of 
which an an*liite4*t is uble to imaidne, U^fore it is eri^cttnl, the 
apiH*Hninct* of hi-^ building. 

2. Definition of Drawing:. .\ tlrawing is a stat^ment of cvr 
tain f:u*ts (»r truths by im an;* of lines and tones. It is nothing 
luon* or le>s than an explanation. The U*st drawings an» those in 
which the ^tatement is most dire<*t and simple; tho>e in which the 
explanation is the clearest and the least confustni by the introduc* 
tion of irndevant detaiU. 

A drawing ne\er attempts to tell all the fa<*ts aUuit the form 
depict4*tl, and each |MT>on who makt*s a dniwing MdtH*tn not only 
tlie leatiing truths, but also includes those characte^i^tics which 
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2 FREEHAND DRAWING 

appeal to him as an individual. The result is that no two people 
make drawings of the same subject exactly alike. 

3^ The Eye and the Camera. The question immediately 
arises: Why should we not draw all that we see; tell all that we 
know about our subject ? Since the photograph does represent, 
with the exception of color, all that we see and even more, another 
question is raised: What is the essential difference between a 
photograph of an object and a drawing of an object ? These are 
questions which bring us dangerously near the endless region of 
the philosophy of fine arts. Stated simply and broadly, art is a 
refuge invented by man as an escape from the innumerable and 
bewildering details of nature which weary the eye and mind when 
we attempt to grasp and comprehend them. 

Without going into an explanation of the differences in struct- 
ure between the lens of a camera and the lens of the eye, it may 
be accepted as a general statement that in spite of apparent errors 
of distortion the photograph gives us an exact reproduction of 
nature. Every minutest detail, every shadow of a shade, is pre- 
sented as being of equal importance and interest, and it is easy to 
demonstrate that the camera sees much more detail than the human 
eye. In any good photograph of an interior the patterns on the 
walls and hangings, the carving and even tlie grain and texture of 
woods are all presented with equal clearness. In order to perceive 
any one of those details as clearly with the eye it would be neces- 
sary to focus the eye on that particular ]X)int, and while so focused 
all the other details of the room would aj)|)eHr blurred. The camera, 
on the contrary, while focused at one j)oint sees all the others with 
almost equal clearness. This fact alone is enough to demonstrate the 
danger of assuming that the photograph is true to the facts of vision. 
Again, a photograj)h of an antique statue will exaggerate the im- 
portance of the weather stains and disfigurements at the ex])en8e of 
the subtle modelling of the muscular parts which the eye would 
instinctively perceive first. 

Nature, then, and the photograj)h from nature, is a bewilder- 
ing mass of detail. The artist is the man of trained ]>ercepti<)ns 
who, by eliminating suj)erfluous detail and grasping and present- 
ing only the essential characteristics, provinces a drawing in which 
we see the object in a simplified but nevertheless beautiful form. 
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In looking at the drawing we become conscious of the subject and 
its principal attributes; we comprehend and realize these with far 
less effort of the mind and eye than we should expend in taking 
in and comprehending the real object or a photograph of it. Com- 
pared to nature it is more restful and more easily understood, and 
the ease with which it is comprehended constitutes, the psycholo- 
gists say, a large part of the pleasure we take in art; it certainly 
explains why we enjoy a drawing of an object when we may take 
no pleasure in the object itself, or a photograph of it. 

4. Restraint in Drawing. The practical application of the 
preceding broad definition is neither difficult nor abstruse. The 
beginner in drawing usually finds his work swamped in a mass of 
detail, because his desire is to be absolutely truthful and accurate, 
and the more he has read Kuskin* and writers of his school the 
more does he feel that art and nature are one, and that the best 
drawing is that which most successfully reproduces nature with 
photographic fidelity. It may be taken for granted that a drawing 
must be true; true to nature. But truth is at best a relative 
term, and while it may be said that every normal eye sees prac- 
tically the same, yet, after all, the eye sees only what it is trained 
to see. It is the purpose of all teaching of drawing to train the 
eye to see and the hand to put down the biggest and most impor- 
tant truths and to sacrifice small and unimportant details for the 
sake of giving greater emphasis or accent to the statement of the 
larger ones. "Art lives by sacrifices " is the expression of the 
French, the most artistic nation of modern times. The experience 
of the beginner is very practical testimony to the truth of the 
expression, for he very soon realizes that he has not the ability, 
even if it were best, to draw all he sees, and he has to face the 
question of what to leave out, what to sacrifice. Sense will tell 
him that he must at all costs retain those elements which have the 
most meaning or significance, or else his drawing will not be in- 
telligible. So he is gradually taught to select the vital facts and 
make sur'^ of them at least. It is true that the more accomplished 
the draughtsman becomes the greater will be his ability to suc- 
cessfully represent the lesser truths, the smaller details he sees, 

• Note.— Ample corroboration for aU that is stated above may be found in Ku»kin, 
but it is embedded in a mass of confusing and contradictory assertions. Ruskin is a very 
dangerous author for the beg;inner. 
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because having trained his perception to the importance of grasping 
the big truths he has also attained the knowledge and ability to 
express the smaller facts without obscuring the greater ones. 
Nevertheless the question of what to sacrifice remains one of the 
most important in all forms of representation. One of the com- 
monest criticisms pronounced by artists on the work of their col- 
leagues is that "he has not known when to stop"; the picture is 
overloaded and obscured with distracting detail. 

5. Learning to See. It is very important that the student 
of drawing shall understand in the beginning that a very large part 
of his education consists in learning to see correctly. The power 
to see correctly and the manual skill to put down with accuracy 
what he sees — these he must acquire simultaneously. It is usually 
diflScult at first to convince people that they do not naturally and 
without training see correctly. It is true that there is formed 
in every normal eye the same image of an object if it is seen from 
the same position, but as minds differ in capacity and training, 
so will they perceive differently whatever is thrown upon the retina 
or mirror of the eye. . 

It is a matter of common observation that no two people agree 
in their description of an object, and where events are taking place 
rapidly in front of the eyes, as in a football game, one person with 
what we call quick perceptions, will see much more than another 
whose mind works more slowly; yet the same images were formed 
in the eyes of each. The person who understands the game sees 
infinitely more of its workings than one who does not, l>ecause 
he knows what to look for; and to draw with skill one must also 
know what to look for. Many people who have not studied draw- 
ing say they see the top of a circular table as a j)erfect circle in 
whatever position the eye may be in regard to the table. Others 
see a w^hite water lily as pure white in color, whether it is in the 
subdued light of an interior or in full sunlight out of doors. In 
questions of color it is a matter of much study, even with persons 
of artistic gifts and training, to see that objects of one color appear 
under certain conditions to be quite a different color. 

5. Outline, The untrained eye usually sees objects in out- 
line filled in with their local color, that is, the color they appear to 
be when examined near the eye without strong light or shade 
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thrown upon them. One of the first things the student has to 
learn is that there are no outlines in nature. Objects are distin- 
guished from each other not by outlines but by planes of light and 
dark and color. Occasionally a plane of dark will be so narrow 
that it can only be represented by a line, but that does not refute 
the statement that outlines do not exist in nature. Very often 
only one part of an object will be detached from its surroundings. 
Some of its masses of light may fuse with the light parts of other 
forms or its shadows with surrounding shadows. If enough of the 
form is revealed to identify it, the eye unconsciously supplies the 
shapes which are not seen, and is satisfied. The beginner in 
drawing is usually not satisfied to represent it so, but draws 
definitely forms which he does not see simply because he knows 
they are there. Obviously then it is necessary to learn what we 
do not see as well as what we do. 

7. Although there are no outlines in nature, most planes of 
light and shade have definite shapes which serve to explain the 
form of objects and these shapes all have contours, edges or bound- 
aries where one tone stops and another begins. As the history of 
drawing shows, it has always been a convention of early and primi- 
tive races to represent these contours of objects by lines, omitting 
effects of light and shade. To most people to-day the outline of 
an object is its most important element — that by which it is most 
easily identified — and for a large class of explanatory drawings 
outlines without light and shade are sufficient. By varying the 
width and the tone of the outline it is even possible to suggest the 
solidity of forms and something of the play of light and shade and 
of texture. 

8. Since, in order to represent light and shade, it is neces- 
sary to set off definite boundaries or areas and give them their 
proper size and contour, it follows that the study of outline may 
very well be considered a simple way of learning to draw, and a 
drawing in outline as one step in the production of the fully devel- 
oped work in light and shade. An outline drawing is the simplest 
one which can be made, and by eliminating all questions of light 
and shade the student can concentrate all his effort on representing 
contours and proportions correctly. But he should always bear in 
mind that his drawing is a convention, that it is not as he actually 
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sees nature, and that it can but inijHJrfectly convey impressions of 
the surfaces, quality and textures of objects. 

9. It is often asserted that whoever can learn to write can 
learn to draw, but one may go further and assert that writing is 
drawing. Every letter in a written word is a drawing from mem- 
ory of that letter. So that it may be assumed that every one who 
can write already knows something of drawing in outline, which 
is one reason why instruction in drawing may logically Ix^gin 
with the study of outline. 

Some good teachers advocate the immediate study of light 
and shade, arguing that since objects in nature are not bounded by 
lines to represent them so it is not only false but teaches the 
student to see in lines instead of thinking of the solidity of objects. 
But these arcxuments are not sufficient to overbalance those in 
favor of beginning with outline, esjK^cially in a course planned for 
architectural students to wliom expression in outline is of tlie first 
importance. 

riATERIALS. 

10. Pencils. Drawings mjiy be made in " black and white^ 
or in color. A bhick and white drawing is one in which there is 
no color and is made by using ])encil, charcoal, crayon or paint 
wliich ])roduces different tones of gray ranging from l>lHck to white. 

The pencil is the natural medium of the architect and the 
materials for pencil drawing are very inexpensive and require little 
time for their preparation and care. Drawings in pencil are very 
easily changed and corrected if necessary. All the required j)lates 
for this course are to be ex(»cuted in pencil. 

The T)encil will make a drawincjr with any (le«xree of finish 
ranjrintr from a rou(jh outline sketch to the representation of all 
the light and shade of a complicated subject. In addition it is the 
easiest of all mediums to handle. Students are sometimes led to 
think that it is more artistic to draw in charcoal crayon or j)en 
and ink. It may be that an additional interest is aroused in some 
students by workint^ in these materials, but the bet^inner must 
assure himself at once that artistic merit lies wholly in tht» result 
and not at all in the material in which the work is executed. 

Pencils are made h\ varying degrees of hardness. The softest 
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irt iiiHrkiHl iUUUUUi or tili; 51 > is slightly Iohh soft hikI tliry iiK*ri*asc 
ill lianliioss thnui^li the following ^ra<h*8: 4I», 3I», iil>, !», 11 H, F. 
II, 2IK iUl, -III, 5H, r»H. A jH*iK*iI nliould iniirk Htiiootlily uiid 
1h» riilirt'ly fnn.^ from ^rit. Tlio prcsfiu'o of j^ril is ousily nro^- 
iii/.«»<J by tin* Honitdiiiig of tho |M*iK'il oil tho jm|H*r uiid l»y llu» 
iincV(Miiit*ss in the width ami toii«» of tho line. Tho leails of the 
s<»fter jK*neils are the weaker and are more easily broken. Tliey 
^ive otr their etdtir the most friH»ly and priMluee hlaekest liiu»8. 
AVhiit hanlness (»f ]MMieils one should us(* 4l(*|M*nils U|H)n a num1>er 
of eonsidenitions, oih* of tht* most im|M)rtant lK*in^ the quality of 
juijMT upon which the drawini^ is made. 

Ijuick etTcets of li^ht and shade ean Iv In'st pnKlueeil hy the 
ust» of soft |KMieiIs InH-aust* llu»y j^ivc otf the eohir so frwly and the 
>lnik«*s hlfiid so easily into flat tones. 

A m»'<lium or hard jMMieil is neei»ssary when a drawing is to 

In* filial] in si/c and is intcndtNl to (vxjirrss d(*tails of form an<l eon- 

^trlU•!ion rathfr than masM's of lii^ht and shade. This is lK*<*HUHe 

thi* lints iiiadt' hy hard iK'neils are finer, and more eleaii and crisp 

than ean Ih» ohtaini'*! l»y usiiitf soft ifnides. Tin* smaller the <lra\v. 

in*;, thi' mon* f\pn'>>it»n of drtail dfsinil, the hanler tin* |*Mieil 

-htiuld Ih*; a it^mmI ir»MieraI rule for all tiuiek i*tudit»rt of etTifts of 

li;jht ami ^had<* i< to ust* as soft a |MMieil as is consistent with the 

-i/iMif tin* draw in*: an«l the surfaetM»f tin* pa{K«r. l^»j^inners, how. 

«*Vfr,an» ol»lijj«Ml to inako many trial lines to obtain eornvt projMir- 

tions, ami in that way pnMlucc eonstruetion lines so lii*avv that 

• I • 

the fra>«-r HMpiirtMl to remove them leaves tin* {ka{M*r in a damapnl 
roiiditioii. rntil tlif >tudiMit ran draw fairly well h«» should lH*mn 
«*\fry pii'iT of \\it\\ with a nirdium |MMieil and tak«» ean* to make 
wry liirht liiits and i-^jMM'ially to avoi«l indcntinj^ the ]Mi{)i*r. 

It j-ht»nld be nnd« r-^tcNMl ihiit |M'neil dniwini^s ou^ht never to 
K« vi'r\ lar;:c. ThiTf >honl»l al\vay> be a pro|>ortioiial ndatioii 
iN'twit'ii tht* si/.«' of a drawing anil tli«* nu^ilium which protlueen it. 
Tilt* tioint of a |N>iiciI i-4 so Miiall that to makt* a larp* tlmwin^ 
with it <*onsumrs a dis|)ro|Mirtit>nat(* amount of time. For larp* 
drawings. cs|NviaI1y such Hliowini; li^hl and shade, crayon or char- 
ctKil are tin* tiroiMT materials for they can Ik* miMie t4» cowr h lar^i* 
hiirfaci* in a vrry short time. The larj^cr the area to Ik« covered 
the larger should U* the |H>int and the line prtMluciiig it. 



ITl 



8 FKEEHAND DRAWING 

Special pencils with largo leads can bo obtained for making 
large pencil drawings. 

11. Paper. In general the firmer the surface of the paper 
the harder the pencil one can use on it. For a medium or hard 
pencil the paper should be tough and rather smooth but never 
glazed. Many very cheap grades of paper, for example that on 
which newspapers are printed, take the pencil very well but have 
not a sufficiently tough surface to allow the use of the eraser. They 
are excellent for rapid sketches made very directly without altera- 
tions. 

Paper for effects of light and shade should be soft and smooth. 
For this work the cheaper grades of paper are often more suitable 
than the expensive sorts. Paper with a rough surface should 
always be avoided in pencil drawings, as it gives a disagreeable 
" wooly " texture to the lines. 

12. Holding the Pencil. Any hard and fast rules for the 
proper use of the pencil would be out of place; but until the stu- 
dent has worked out for himself the ways which are the easiest and 
best for him he cannot do better than adopt the following sugges- 
tions, which will certainly aid him in using the pencil with effect 
and dexterity. 

The most important points in drawing are to be accurate and 
at the same time direct and free. Of course, accuracy — the ability 
to set down things in their right proportions — is indispensable; 
but the abilty to do this in the most straightforward way without 
constraint, fumbling, and erasures is also necessary. Art has been 
defined as the doing of any one thing supremely well. 

The pencil should be held lightly between the thumb and 
forefinger three or four inches from the point, supported by the 
middle finger, with hand turned somewhat on its side. 

There are three ways in which it is possible to move the pen- 
cil; with the fingers, the wrist, or the arm. Most people find it 
convenient to use the finger movement for drawing short, vertical 
lines. In order to produce a long line by this movement it is only 
necessary to make a succession of short lines with the ends touch- 
ing each other but not overlapping, or by leaving the smallest pos- 
sible space between the end of one line and the beginning of the 
next. The wrist movement produces a longer line and is used 
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iiutnnilly tt) iiuiki' liori/.oiiUil liiu*s. For a very long 8Wti»j» of lino 
I In* inovtMiuMit of tin* arm from tlu* sliouldtT is ueceHBary. This i«, 
juTliaps, ilio mo^t ditHcull way of <lniwin^ ft»r the beginner, hut it 
affonls the grralrst fretMhim ami swtH'j), an<l many teachers con- 
nider it the only |»ro|)t*r ineth(Ml. 

13. Position. The draughtsman should sit Ufiright and not 
\h-\u\ t>ver his tlniwiii*^, as that cramps tlu» work an<l Iea<i8 liiin to 
l<M)k, whilt* workill<^ at only a small portion of liis drawini; instead 
of rfHiiprehiMnlin^ tin* wholo at a ^lancf. 

The surface to receive the <ln4win*^ must Ik* held at right 
aujjK's to the <iire<*tion in which it is seen, otherwise* the drawing 
will Ik* distorted hy the foreshorten inij of the surface. A rt*ctan- 
gular surface such as a sheet of ]>ajM»r is at right angles to the 
dinvtion in which it is seen when all four coriu'rs an* t^jually 
distant fn»m the e\e. A fairly accurati' test may U* mach* in the 

• • • 

followihj^ manner: L<H-ate the center of the |>ajH»r hy drawing the 
dla«/onal>. Flat a«^fiin>t this |M)tiit jdace the unshar|>emM| end of a 
|MMM*il. Tip the >urf.4<-e until the length of the |M'iu*il disapjiears 
and only the |Mii!it and >har|KMie<| eutl are visihh\ then the surfac'e 
will 1h' at ri«d»t liMjjles tt> a line drawn fnun the eye to its center. 
The |K'ncil re|iresi*nts thi^ line ft>r a jwirt of the distance l)ecause if 
pro[»erlv held it is at right an^^des to the surfaci*. 

riRST EXI:RCI5E5. 

pM-fore trviii:^' to dnw any <ietiiiiie forms the sttulent should 
pnicti'-e dlli/'MJilN «lra\N inj^^ ^irai^lit lines in horizontal, vertical, and 
^ ^ uMi«pn» iiositions. an«l also circles and 

"•" ellip>e<. 

^ 14. Slraiicht Lines. In dntwing the 

" "~ " , -^ -iraij^dit line exeiciM's jM»intH >h(Mdd first Ik* 

i.lariMl jijjhtlyahd the line <lrawn toconne<*t 
( I ! I tlieiii a- in Fi*^. 1 . 1 )rawa M*riesof ten or tif 

i j i I / j^ / / teiii linr«- in ea<"li position, placing the |K)ints 

» ; 1 ■ / / // ^'* ^^'' »''»iini*cteil l»y the lines one inch a|>art 
{ill //s^/ •*'''^ lea\ing a sjmkic of one (juarter of an 

inch Utween eacii line. Next <lraw a series 

I »»: 1 l.iiii -. • ••III.', ti'.jj I • 1 • • I 1 

r.jin- jihuiii:/ the jMnnts two inches a[>art, then a 

gnmp with the jM»int> fonr inches ajuirt, and finally a s<*t which 
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will give lines eight inches long. Start to draw vertical lines 
from the top, horizontal lines from the left to right, oblique lines 
which slant upward toward the right, from the lower point, and 
those slanting upward toward the left, from the upper point. Use 
all three pencils, 3H, F and a solid ink pencil for these exercises, 
and take the greatest care not to press too strongly on the paper 
with the harder grades. They are intended to make rather light 
gray lines. Where dark lines are desired always use the solid ink 
pencil. Try also making the exercises with different widths of 
line regulated by the bluntness of the point, and do at least one 
set using the solid ink pencil and making very wide lines as near 
together as is possible without fusing one line with another. In 
all of these exercises the lines should each be drawn with one pen- 
cil stroke without lifting the pencil from the paper and absolutely 
no corrections of the line should be made. 

15. Circles and Ellipses. In practicing drawing circles 
start from a point at the left and move around toward the right 

as in Fig. 2. Draw a series of ten cir- 
cles half an inch in diameter, forming 
each with a single pencil stroke. Next 
draw a group of ten with a one-inch 
diameter, still keeping to the single 
pencil stroke. Follow these with a set, 
each being two inches in diameter and 
another set with a three- inch diameter. 
In drawing these larger circles the free 
arm movement will be found necessary 
Fig. 2. circles. ^^^^ ^j^^ lines may be swept about a 

number of times for the purpose of correcting the first outline and 
giving practice in the arm movement. As the circles increase in 
diameter the difficulty of drawing them with accuracy by a single 
stroke increases also, but instead of erasing the faulty positions 
and laboriously patching the line, it is better to make the correc- 
tions as directed, by sweeping other lines about until a mass of 
lines is formed which gives the shape correctly. The single outline 
desired will be found somewhere within the mass of lines and may 
be accented with a darker line and the other trial lines erased. 

Draw a series of ten ellipses, Fig. 3, with a long diameter of 
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half an inch, fonninjr each with a single |HMicil Btn)ke. Folh>\v 
with a group of ten, Imving the h)ng iliameter one inch in length, 
joining each (Uitline with a ningle |M»ncil stroke. Pn)Ct*e<l with a 
t*et having a long <liaineter of two inches ant! a set with a h)ng 
diameter of thnv inches. Follow the same instructions for these 
last two groups as were lai<l down for dniwing the larger circles, 
that is, swtvp the liin»s alK)nt several 
times with the frtv arm movement. 

In drawing horizontal straight lines 
tlie cIIhiw should Ik» liehl cK>Si» to the 
IkmIv. For Vertical lines and for all 
cnrvt»<l lines the ellnjw should Ik* licld as „. , ,„,. 

far from the IkmIv as possii»lt». 

These exercises and similar ones of his own invention sliould 
U* iiractic***! i»v the student for a long [K*rio<l, even after he is 
sttniying more advanetMl work. Any pie<*e of waste |MijK*r and any 
sjitire mouHMits may )h* utiliz(*<i for them. As in a(*<juiring any 
form of manual skill, to learn to draw retjuin*s incessant practice, 
and these «*\ereises rorres|»tui<l to the tive-tinger exen*ist»8 which 
an« such an im|H)rtant part of the tniining in instrumental niusic. 
AVhile th«»y are not very interesting in themstdves the training they 
givt* to tin* muscles of tht* hand and arm is what enahlea the 
<lraughtsman toexecule his work with rapidity, ease, and assuraniv. 

Tin* stutlent hhould In^ar in mind that a straight fnvhand line 
ought not to l(M)k like a rultMl line. A {»art <»f the attnu*tion of 
frtH*haiid drawing, even of the simplest descriptit)n, is the ikMisi- 
tive, live ipnilitv of the line. A straight lim* is <Ietin(*<| in geoiii- 
etrv as one whose dinn-tion is tlu» saiin* throughout, hut slight 
deviations in a fnt-hantl >traight lin«\ whieh nvover themselves 
and df» not interfen* \\ith the gi'iienil direetion are legitimate, as 
the hand. evt*n when highly tniine<l, is not a nniehint*, and logically 
should not atttMnpt to do what can In* |M*rfornu*<| with mon* 
in(*<*hani(*al j»erfiH*lion i»y inhlruinents. AVhert* frt*t*hand straight 
lint*s an* um*<1 to indicate the lN)un<lHrit*s of forms, the slight in- 
evitahle variations in the line are n*allv nH»n* tnn* to the facts of 
vision than a rult*4l lim* would Ik*, inasmueh as the e<iges even of 
p»ometrio solids ap|M*ar ^^»flene1l Hud lesr* rigid Infaust* they an* 
afTei*tt*<l hy the play of light and hy the intervening atniospWrv. 
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12 FREEHAND DRAWING 

This the beginner will not be able to see at first, for in this case as 
in so many others, his sight is biased by his knowledge of what 
the object is and how it feels. 

i6. Freehand Perspective. One of the chief diflBculties in 
learning to draw is, as before stated, in learning to see correctly, 
because the appearance of objects so often contradicts what we 
know to be true of them. More than one beginner has drawn a 
handle on a niug because he knew it was there, regardless of the 
fact that the mug was turned in such a way that the handle was 
not visible. The changes which take place in the appearance of 
forms through changes in the position from which they are seen, 
' are governed by the principles of perspective. Although students 
of this course are supposed to be familiar with the science of per- 
spective, it is necessary to restate certain general principles of 
perspective with which the freehand draughtsman must be so 
familiar that he can apply them almost unconsciously as he draws. 
The most important of these are demonstrated in the followinfj^ 
paragraphs, and their application should be so thoroughly undrr- 
stood that they become a part of the student's mental equipment. 
In theory the draughtsman draws what he sees, but practically he 
is guided by his knowledge as to how he sees. 

The principles can he most clearly demonstrated through the 
study of certain tyj)ical geometric forms wliicli are ])urposely 
stripped of all intellectual or sentimental interest, so that nothing 
shall divert the attention from the principles involved in their 
representation. The student will readily recoi^nize the great 
variety of subjects to which the princi[)les apply and the impor- 
tance of working out the ext^reises and niastcrint^ them for the sake 
of the knowledge they impart. Thesi* principles can he expljiined 
very clearly by the use of the glass slate, which is a part of the 
required outfit for this course. All drawings should be made from 
the models in outline and in freehand on tlie ({lass, nsinixthe Cross 
pencil. The drawing should be tested and eorieeted according to 
the instructions for testinj^. 

17. Tracing on tlie Slate. Tn ht*<{innint{ to study model 
drawino- the model may be traced upon the slate held l>etween tlu* 
model and the eye and at riirht angles to tlie direction in which 
the object is seen. (See section V^,) In order to do this with 
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accuracy it is ahHoIutcly niH*eB8ary that tho nlate shall not luovc 
and it is e<jually necessary that the position of the eye shall not 
changi\ As neither of these conditions can l>e fulfilliHl exactly 
withiHit nuvhanical contrivances forlnjltlin^ both the slate and the 
head tixiHl, it follows that tin* In'st tracing one can make will l>e 
only approximately cornvt and rven that only if the object is of a 
very simple character. Tln» more compIicatt*<l the ohjtvt the less 
satisfactory will Ik* the tracing from it. IVrhaj»s the U'st method 
is to mark the im|M)rtant angles and chanties of direction in the 
contour with jK)ints and iheii nipidly conni»ct the jK)ints with lines 
followint^ the contours. Althoui^h the result may not Ik* very 
cornvt, if carefully made the tracing will at K»ast demonstrate the 
princi|>al jniints wherein the ap|K»aranct» of an t)l>jiH't dilfers from 
and contn^lictH tlu» facts, and that is tht* soK* ohjiK't of the tnicin^. 
It awakens in the student the |K)Wfr of siH'in^ accunitely as it 
teaches the mind to accrpt the imaj^e in tlu* eyt* as the true apjMMir 
ance of an ohjtM't cvrii if that imaj^e ditTrrs from the actual shapt* 
and pro[s)rlion of thr oi»j\»ct as wi* know it l»v the hmis** of touch. 
KjTt't p( tt,s tt htljts NM fn litirn ftt St t ^ tht t met 11*1 ////'* ^ u>t tniln- 
in*/ nt fr* 1 lunul drtiiriuif nth, r t/ni ii th* sluflit nmnmil tj'rrdfff 

• ' • • • 

tnv*>h'ff/ til tl I'tiiri iHf (In /////. 

l8. Tcstlnjc with the Slate. 'I'he jrreat vahu* of the slate 
for the iK't^iniHT in frtn-lmud drawing: is the rase with which the 
a<.vura<'y of a tiniwinij may U* tt>ttMi. To oi»tain satisfactory re- 
suits the ukhIcIs should Ik* pl.tcoj .ilMdit a f(N)t and a half in front 
of tin* s|HH*tator and tin* draw inij> niadf ratlirr lar«;i*. The draw- 
in^ sh(»uM Ik* matle frrrhand. in oulIirn*, and the i^reatest can* 
taken U\ make it as aecurate a^ pu^>.i!»le U'fnn* testing it U^'ause 
the ol)je<*t in makiiij^ tin- dra\\iii«^' \> to e\erei>«* the Inind and eye. 
Urawinj; exerei-*- >liould nni Im- eoufoiindiMJ with the preliminary 
exerciM'H in tracinj^ whoHf (Uilv ohjfet \> to empha^ize the fact that 
fornis api«*ar dilTenut as the jM»^iiioii of tin* e\e ehan|^es. 

In <>rder to t«>t a drauiiii^' plaee the -late at rij^ht angles to a 
line from the I've t«) the nunl. 1 aeeor«iln«: ti» the directions in stv- 
li<»n \'»\, lltjldiiii^ the ^late at this aiii^le and keeping oin* t»ye 
clos**<l movi« it hackwani and forward until the lines of tht* tlraw. 
in^ cover the lin«-.s of the nMnhl. Any ditTerence in the ^*neral 
dinvtion t»f the line> <>r j>roiK)rtions can Ik» rea<lily 4>!>servt*d. Cor- 
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rections should not be made by tracing, but errors should be care- 
fully noted and the alterations made freehand from a re-study of 
the models. If the drawing is too large to cover the lines of the 
model, errors may be discovered by testing the different angles of 
the drawing with those of the model. If all the angles coincide 
the drawing must be correct. 

In making the tests the slate should be held firmly with both 
hands, and it cannot be emphasized too strongly that the test is of 
no value unless the slate is at right angles to the direction in which 
the model is seen. When groups of models or other complicated 
subjects are being tested only the directions of important lines 
and proportions of leading masses can be compared. It must be 
clearly understood that it takes some practice and much care to 
test the drawing of a simple form, and that the slate is not to be 
used as a means of tracing. The student will soon discover that 
it is impossible to trace any form or group having much detail or 
multiplication of parts owing to the impossibility of holding the 
slate and the eye for long in the same position at the same time. 

Do not expect too much of the slate. Even the first exercises 
in tracing simple forms will show the student that unless he has 
acquired some facility in making lines freehand he cannot trace 
lines. Indeed it has often been observed that no one can trace 
who cannot draw. Another difficulty in using the slate at first is 
the resistance which the pencil encounters on the glass. It calls 
for a different pressure and touch from that used with a pencil on 
paper, so that the beginner is often discouraged unnecessarily and 
becomes impatient with the slate, ])artly because ho expects too 
much from it and partly because he has not learned how to use it. 
Do not try to make perfect lines on the slate. Be satisfied at first 
to indicate the general direction of lines. Understand also that 
the slate is only to be used in beginning to draw. The student 
should as soon as possible emancipate himself from the use of the 
tests and depend upon the eye alone for judging the relations of 
proportions and lines. From the beginning a drawing should be 
corrected by the eye as far as possible before a])plying any tests. 
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FREEHAND PERSPECTIVE.* 

19. The Horizon Line or Eye Level. This, as the name 
implies, is an imaginary horizontal line on a level with the eye. 
It is of grt»at im|K)rtance in representation, as all objec'ts api)ear 
to change their 8ha])e as they are seen al)ove or Inflow the liorizon 
line. 

Tlie following exjH»riinent8 should U* made U^foro lK»ginning 
to draw any of the exercMses in freehand jRT8|)ective. Fasten two 
6<)nare tablets together at right angles to each other so that the 
a<lJHi-ent corners exactly coincide, giving two sides of a cube, 
llold it at arm's length with the edge where the two planes touch, 
jmrallel to the eyes and the up|)er plane level. Ix)wer it as far as 
the arms allow, then raise it gradually to tlie height of the eyes, 
and alnne as far as |>o8sibh , holding it as far out as {)088ible. 
Observe that the level tablet ap|H»ars to bt»come narrower as it 
appnmches the eye level, and when it is op|)Osite the eye itl)ei*omea 
only H line t<howing the thickness of the canUKmnl. Observe that 
this line or front edgeof ihe tablet always Hp|K*ars its actual length 
while the nide etlges have Uvn gradually ap|H*aring to Ikh^ouio 
shorter. Ah the tablet is lifttnl alcove the horizon the lower side 
l>egins to apjM»ar very narrow at tirst, but widening gradually tho 
higher tlie tablet is !ift(*<l. It will U* sivn also that when tho 
tablet is Udow the horizon line the side inlges apjiear to run up- 
wanl, an<l when the tablet is alnjve the eye its side inlges ap{)ear to 
run downwanl, towanl the horizon. 

-k«irfVm That they and similar lines appear tocon- 

/\ v^rge and vanish in the horizon line is 

/ \ provtMl by the following ex|)eriment: 

/ \ riact* a lHK)k on a talde al>out two ftvt 

/ \ away with its lK)untl tnlge toward the spec- 

/ \ tutor and exactly horizontal to the eye, that 

/ \ is, with either entl equally distant from the 

y""^"~— — ""■■"■""^ eye. Ji«*twtHMi tlu» cover and the first I»ago 

a Z . — \ b and an near tin* back as |K>ssible pla(*t« a 

*^^ — — >.iHI ^tring, leaving alnmt two f(H*t of it ou 

•Note ThnMiirb tht* ct»uri«^y »»f It* auibitr and pubU*brr*. tbeM* ex<»ivlMHi in tv»- 
hand |wrm|M*rUvf« barn tHH>D A4lo|»t«ia frum the Uixtbook oo " fYwhand UtawIdc/* by 
Aluuo iv. CroM. Uiaa 4 Uk. ikMitoa. 
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string in the right hand and move it antil it coincides witli or 
covers the left edge of the book. Hold the right end of the string; 
in the left hand and move it until it covers the right edge of the 
book. The two strings will be seen to form two converging or 
vanishing lines which meet at a point on the level of the eye, 
that is, in the horizon line. This and the preceding experiment 
illustrate the following rule: 

liule 1. Horizontal retreating lines above the eye appear 
to descend or vanish downicard, atul horizontal retreating lines 
helow the eye appear to ascend or vanish 
•upward. The vanishing point of any 
set of parallel, retreating, horizontal 
lines is at the level of the eye. 

It is necessary to remember that the 
I horizon line is changed when the specta- 
tor's position is changed. This is very 
noticeable when one stands on a high hill 
j and observes that the roof lines of houses 
wliich one is accustomed to see vanishing 
I downward to the level of the eye, now 
vatiish iijiward, since the eyis have been 
raised above the roofs. 

Itetreatiiip lines are tliose wliifh have 
one end nearer the eye tlian the other. 

Exercise i. Foreshortened Planes 
and Lines. Cut from paper a tracing of 
the fiqiiiire talilct, wliich ia a part of the 
(.et iif driiwiiiif unidfls, and leave a pro- 
jecting flap as at A, Fig. 5. Paste the 
Hap on the under side of the slate, with 
die edges of the square parallel to the 
edges of the slate, and trace the actual 
shajw of the square. 

Holding the slate vertical and so that 
half the square is above and half below tne level of the eye, X-nrjx 
the square somewhat away from the slate and trace the appearance. 
Turn it still farther and trace. Turn it so that the surface disap- 
pears 
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Trace a circular tablet and cut it out of |)a])er, leaving a flap 
as at B, Fig. 5. Paste tlie flap on the hack of the slate, as with the 
square, and trace its rt*al aj)[)earance. Turn the circle away at a 
moderate angle and trac43 its appt*arance. Trace it as it aj>pear8 at 
a greater angle and Anally place it so that it appt^ars as a line. 

Try similar experiments with the triangle, the pt»ntagon, and 
the hexagon and observe that these exercises all show that lines 
and surfaces under certain conditions apjK»ar less than their true 
dimensions, and that this diminution takes place as soon as the 
surface's are turneti away from the glass slate. 

AVhen the square rt*sts against the slate, with the centers of 
the square and slate coinciding, and tiie slate lield so that half is 
alK)ve and lialf Inflow the horizon line, all four corners of the square 
will Ik* at e<iual distances from the eve so that a line from the eye 
to the center of the slate and of the scpiare is at right angles to the 
surface of the slate, the latter represents in thesis ex[>eriments what 
in tH'ientiflc p«*rs|KH*tive is calltMl the ]>irture plane. Tlius a sur- 
fa4*e or j)lane a|»|K*ars its true rt»lative dimensions only when it is 
at right angles to the dinrtion in which it is s^hmi. 

It is for this rfji>t>n that it is alwavs ntH*i»ssarv to arrangt^ the 
surfaiv on wliirh a dniwiiiir is made, at rij/ht anifles to the eve. 
Otherwise the surfa<'e and drawing u|K)n it Un'ome foreshortened; 
that is, they apjH'ar loss than thrir true dimensions. 

It is t»asy to Mt» from th»» drawing (►f the ft)n'shortentMl s<]uare 
in Fig. 4, that of tlu» two ecjual and jK'inillel lines </ h and r' d the 
nearer ap|K'ars tin* longer, althouj^h n«Mtlu*r of the lines are fore- 
shorteni*il as tin* r«*sjM'<tivf immIs of t*arh art» etpially <listant from 
llie eve. This i]lu''tratt's tlu» follnwiiii; ruU» : 

tin Jniuh /'. — ■"""" 

Exercise a. The horizontal Circle. Hold 
theeireular tal»lel horizontally and at tht* levt-lnf 
the e\t». ( )bs«»rvr that it ap|K»ars a stniight liiir. 

IMare the tablrt horizontally on a piK* of 
Uniks a!M>ut half way U'tWffn the lrv«*l of tin* 
rye and tin* IfVfl (if tin* t:iMt*. Tnir** the ap[««ar. 
anee uimui tht* slati*. 




IJk' ^ H«»rliuiu*Al 



I*laee the lai»K*t on tin* tablt* an<l traiv it.** apiieaniiKV. 
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While making both tracings the distance between the eye and 
the object, and the eye and the slate should be the same. 

Hold the tablet at different heights above the level of the 
eye and observe that the ellipse widens as the height above the eye 
increases. These exercises illustrate the following rules: 

Rule 5. A horizontal circle appears a horizontal straight 
line when it is at a level of the eye. When helow or above this 
level the horizontal circle always appears an ellipse whose long 
axis is a horizontal line. 

Rule 4. As the distance above or below the level of the eye 
increases the ellipse appears to widen. The short axis of any 
ellipse which represents a horizontal circle changes its lemjth as 
the circle is raised or lowered. The long axis is always repre- 
sented by practically the same length at whatever level the circle 
is seen. 

Place the tablet on the table almost directly below the eye 
and trace its appearance. 

Move it back to the farther edge of the table and trace it. It 
will be seen that where the level of the circle remains the same, 
its apparent width changes with the distance from the eye to the 
circle. 

Exercise 3. Parallel Lines. Place the square tablet on the 
table \\ feet from the front, so that its nearest edge appears hori- 
zontal; that is, so that it is at ritjht angles to 
the direction in which it is seen. By tracing 
the appearance the following rules are illus- 

Fig. 7. ParaUel Lines, trated : 

Rule 5. ParaUel rdreatiiig edges ajypetir to vanish^ that 
isy to converge toward a point. 

Rule 6. Parallel edges which are parallel to theslate^ that 
isy at right angles to the direction at which they are seen^ do not 
appear to converge^ and any parallel edges whose ends are eiiaally 
distant from the eye appear actually parallel. 

Exercise 4. The Square. Place the square tablet as in 
Exercise 3, and it will be seen that two of the edges are not fore- 
shortened but are represented by parallel horizontal lines. The 
others vanish at a point over the tablet on a level with the eye. 

Now place the tablet so that its edges are not parallel to those 
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of the desk and trace its aj)j)earance on the slate. None of its 
edges appear horizontal, and when the lines of the tracing are con- 
tinued as far as the slate will allow, the fact that they all converge 
will be readily 8t»en; the drawing illustrates the following rule : 
Rule 7. When one line of a rUjht an<fle vanishes toward 
the rujhfy the other line iHini^heM totmnl the left. 

The drawing also shows that the iniges appear of unequal 
length and make unequal angles with a horizontal line and illus- 
trates the following rule : 

liule 8. Whtn ttro /<if/es (fa square retreat at vnequal 
an^jhs^ the one irhieh is more nearly jmrallel to the picture plane 
{the nhttt) appears the lonfjer and )n(pre nearly horizontal. 

Exercise 5. The Appearance of Equal Spaces on Any Line. 
Cut from paper a square of three inches and draw its diagonals. 

Place this 8(}uare horizontally in the middle of 
the back of the table, with its edges parallel 
to tho8e of the table, and then trace its appear* 
Fig. K Equal Spac^ auce and its diagonals u{)on the slate. (Fig. 8.) 
on any Line. Note. - Tlie diagonals of a square bisect each 

other and give the center of the squari*. 

Compare thedistance from the nearer end, 1, of either diagonal to 
the centerof the square, 2, with that from the centerof the square to the 
fartherend of the diagonal, 3, foran illustration of the following rule: 

Jiule U. Equal distances on. any retreating line appear 
unequal^ the near* r of any ttrtf apj^aring the lonyer. 

Exercise 6. The Trianj^le. Draw u|K)n an equilateral tri- 
angular tablet a line from an angle to the center of the opposite 
side. (This line is calltHl an altitude.) 

(\)nnect the triangular tablet with the 
square tablet, and place them on the table so 
that the basi^ of the triangle is foreshortentnl, 
and its altitude is vertical. Trace the triangle 
and its altitude U{)on the slate. The tracing* 
illustrates the fact that the neariT half of a re 
ceding line ap{R»ars longer than the farther pi«. 9. me TrUncia. 
half (scH« Uule ih, and also the following rule: 

liule 10. The npjnr amjle of a vertical isosceles 
or equilateral trianyle^ whose base is horizotUal^ appears 
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in a vertical line erected at the perspective center of the hase. 
Exercise 7. The Prism. Connect two square tablets by a 

rod to represent a cube, and hold the object so that one tablet only 

is visible, and discover that it must appear its real shape. A, Fig. 10. 

This illustrates the following rule: 

Mule 11. When one face only of a prism is visible^ it 

appears its '**eal shape. 

Place the cube represented by tablets (Fig. 10) in the middle 

of the back of the desk, and trace its appearance. First, when two 
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faces only of the solid would be visible (B); and, second, when 
three faces would be seen (C). These tracings illustrate the fol- 
lowing rule: 

Utile 12. When tv)0 or more faces of a <n(he are seen, none 
of them can appear their real shapes. 

Place the cubical form on the desk, \vith the tablets vertical, 
and one of them seen vdgewise (T)) and discover that the other 
tablet does not appear a straight line. This illustrates the follow- 
ing rule: 

Hide 13. Only one end (f a j)rfsni can apj^ear a straight 
line at any one time. 

Exercises. The Cylinder. Connect two circular tablets by 
a 2J-inch stick, to represent the cylinder. Jlold the object so that 
one end only is visible, and see that it appears a circle (Fig. 11). 

Place the object on the table, so that its axis is horizontal 
but appears a vertical line, and trace its aj)pearance. The tracing 
illustrates the following rule: 

Hide 14. Whe?i an end and the curved surface of a cylin- 
der are seen at the san^e time, the end must ap>pear an ellip>se 

(Fig. 12). 
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Placo tlu^ object horizontally, and 8o that one eud appears a 
vertical line, and truce to illustrate the following rule: 






ng. 11. The('vllntl*T 
(Ire If* 



Viii. 12 The(>llni»er 
Axis Horizontal. 



FIR. la. The ryllnder— 
One Knd Stralgbt Line. 



liule lii, Wfit n r;;/f' t ml of </ njlhuler ajtpears a straight 
fhn'^ t/if nthtr (tjfjhiirs tin flitj>f<r, {!'*<]- /.V.) 

Plact* the ohject uprij^ht on the table, and trace its ends and 
axis. Draw the lontr (liaineters of the ellij)8t\ and discover that 
they are at ri^ht angles to the Kxis of the cylinder. This illustrates 
the followintj rule: 

liult Hi, Tht }ntstHofit vert irnt rtjUiuI era jyjH'iir horizontal 
tNij^tn, Thf utnrtr hast ttlirtiyn aj*j^ttirft the narrower ellipse, 
( /v./. 14.) 

Place the ol»jtH*t with its axis horizontal and at an angle, so 
that the surfaces of both tablets are visible. Trace the tablets 

and the rinl, and then draw the 
long diameters ot the ellipses, and 
discover that they are at right 
angles to the axis of the cylindrical 
form. The axes of the elli{)ses are 
inclintHl, and the drawing illus- 
trates the following rules: 

Huh 17, The InineB of a 

aiui at an AnKW. /,„^^^ t/lantrtcrH an tit right angles 
t*» t/w axi/t ttf tit* rf/'lfit/,f\ the n*art.r fxiftc ajfjuaring the nar- 
rtnr* r t U n>Mt\ 

Note. The farther end nniy apjK*ar narrower than the nearer, 
but mu>t always ap|M*ar pn»|K»rtionally a wider ellipst^ than the 
ueaa*r end. 
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Hale 18, Vertical foreshortened circles below or above the 
level of the eye appear ellipses wliose wxes are not vertical lines. 
Rule 19. The long axis of aib ellipse representing a ver- 
tical circle below or above the level of the eye is at right angles 
to the axis of a cylinder of which the circle is an end. 

Rule 20. TJte elements of the cylinder appear to converge 
i/n the direction of the invisible end. This convergence is n^t 
represented when the cylinder is vertical. 

•Note I. — Less than half the curved surface of the cylinder is 
visible at any one time. 

Note a. — The elements of the cylinder appear tangent to the 
bases and must always be represented by straight lines tangent to 
the ellipses which represent the bases. When the elements con- 
verge, the tangent points are not in the long axes of the ellipses. 
^^ ^.-^ See Fig. 12, in which if a straight line tangent 
^^"^^ If ) to the ellipse be ^rawn, the tangent points will 
^***^^^ x^.>' be found above the long axes of the ellipses. 
Pig. Id. The Cone. Excrcisc 9- The Conc. Hold the cone so 

that its axis is directed toward the eye, and the cone appears a 
circle. Hold the cone so that its base appears a straight line, and 
it appears a triangle. (Fig. 16.) 

Place a circular tablet, Fig. 17, having a rod 
attached, to represent the axis of the cone, so that the 
axis is first vertical and second inclined. Trace both 
positions of the object, and discover that the appear- 
ance of the circle is the same as in the case of the 
cylinder. The tracings illustrate the following rule: 
Rule 21. When the base of the cone appears 
an ellipse^ the long axis of the ellipse is perpen- 
Fig. 17. The dieular to the axis of the cone. 

^with^!^^ Note I — More than half the curved surface of 

the cone will be seen when the vertex is nearer the eye than the 
base, and less than half will be seen when the base is nearer the eye 
than the vertex. The visible curved surface of the cone may range 
from all to none. 

Note a The contour elements of the cone are represented by 

straight lines tangent to the ellipse which represents the base, and 
the points of tangency are not in the long axis of this ellipse. 
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Exercise lo. The Res:ular Hexagon. In Fig. 18 the opposite 
sides are parallf^l and tMjual. The long diagonal A I) is parallel to 
the sides B C and E F, and it is divided into four equal parts by 
the short diagonals B F and C E, and by the long diagonals B E 
or C F. 






Fig. 18. Hexagon. Klg. 19. Hexagon. 

The per8jx*ctive drawing of lliia figure will Ik* eorrecte<l by 
giving the pn)j)er vanishing to the ditrrrent srts of [Mrallel lines, 
and by making the divisions on the diagonal A 1) jx*r8pectively 
equal. 

Draw the long and short diagonals u|K)n a large hexagonal 
tablet. Place this tablet in a horizontal or vtTtieal position. Fig. 
!!•, and then trace UjK)n the slate its ap|K*arance and the lines upon 
it. The tracking illuslnites the following rule: 

Jiulf :i2. In ff ritrvf rt il niiri mj nf tin r€(jnhir Itrxaijon^atty 
long dutginial ^rht n Int* rstrful fnj tt A///// t/ftif/nno/ (Hif/ftro nhoH 
di^igonahy trill he t/t'vii/tt/ Info four (tjioil jHirts. 

Exercise II. The Center of the Ellipse Does Not Represent 
the Center of the Circle. Cut from |^i|M*r a stjuare of thrtH.^ inches, 
after having inscriiKnl a circle in tlu* s«juan*. Draw the diameters 
of the 8<juare an<i then place ihr stjuare h(»rizontally at the middle 





l-Mg. 3i» <Vnt«'r <»f <*ln'len«>t 
< vni«T •»( KUIpMv 



rig. 21. ('<»m'«'ntrio(nrvl«i. 



of the l>ack of the table, with its tMlgrs parallel to thost* of the table. 
Trace the square, its diameters, and the inscriUil circle, U|)on the 
slate. The circle apjiears an ellipse, and as the long axis of an 
ellipse bisei'ts the short, it is evident that it must come l>elow the 
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center of the square, and we discover that the center of the ellipse 
does not represent the center of the circle, and that the diameter of 
the circle appears shorter than a chord of the circle. 

Exercise la. Concentric Circles. Cut a 4-inch square from 
practice paper, and draw the diagonals. With the center of the 
square as center draw two concentric circles, 4 inches and 2 inches 
in diameter. 

Place the card horizontally upon the table, as illustrated, and 
trace its appearance upon the slate, together with all the lines 
drawn upon it. 

Draw the vertical line which is the short axis of both ellipses. 
Bisect the short axis of the outer ellipse, and draw the long axis 
of this ellipse. Bisect the short axis of the inner ellipse, and draw 
its long axis. It will be seen that the long axes are parallel but 
do not coincide, and that both are in front of the point which rep- 
resents the center of the circles. 

Each diameter of the larger circle is divided into four equal 
parts. The four equal spaces on the diameter which forms the 
short axis appear unequal, according to Rule 9. The diameter 
which is parallel to the long axes of the ellipses has four equal 
spaces upon it, and they appear equal. This diameter is behind 
the long axes, but generally a very short distance; and in practice, 
if the distance 1 2 between the ellipses measured on the long axis 
is one-fourth of the entire long axis, then the distance between the 
ellipses measured on the short axis must be a perspective fourth 
of the entire short axis. This illustrates the following rule: 

Rule 23. Foreshortened concentric circles appear ellipses 
whose short axes coincide. The distance hetween the ellij>'<ies on 
the short axis is perspectively the same proportion of the entire 
short axiSj as the distance hetween the ellipses measured i>n the 
long axisj is aeonietricalhj the same proportion (tf the entire 
long axis. 

Exercise 13. Frames. In the frames are found regular con- 
centric polygons with parallel sides, the angles of the inner poly- 
gons being in straight lines connecting the angles of the outer 
polygon with its center. In polygons having an even number of 
sides, the lines containing the angles of the polygons form diagon- 
als of the figure, as in the square. 
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In polygons having Hn (hUI nuiiilHT of Bides, the lines con- 
taining the angles of the {K>Ivg<)n are |M*riMMHlicuIar to the sides 
0{)|K)site the angh's, as in the triangle. 

Draw U{)on large trianguhir and s<}nan^ tablets the lines 
shown in Fig. 22. Place the tablets horizontally on the table, or 
su{)|K)rt them vertically, and trace njM)n the slate the appearance 





of the tnlges and all the lines drawn n|M)ii them. Tlie tracings 
illnstrate the followinir rule: 

//'//'• 24. Ill i'f jn'tHt tttlmj tin* ntjuhjr fnimrHy the aiujhs 
'if (he innrr jitju/' must hr in ntnt'ujht I1h*m jHtJtHing from the 
nnaten nf the tnittr liijure t^ th» c* ntt r, Th*He l!ne^ are alii- 
tmlfH or douionoltt ttf th* nnt utfinis, 

20. After making the tmcings descriUnl in the foregoing 
exerciws, dniw ( not tnice) frtvliand on the slate the various tali- 
lets, arrange*! to illustrate each oncof the exercises. This is really 
drawing from objtM-ls, and wln*re the rcxls are ustnl to connei*t the 
tablets the ii;^un»s are equivalrnl to geometric solids. After the 
pro|H>rtionH of the surfa<*t's are cornn'tly indicatetl, lines connect- 
ing the corres|K)!iding eorniTs of the tablets should Ik» drawn to 
complete the repn*seiitation of solid tij^un*s. The lim^s indicating 
the rcNis and thoM* lint*s which in a solid form w<»ul<l naturally \n* 
invinible, nuiy U* erast^l. Ily the um» of the ihnt* nnls of ditTenMit 
lengths, thret* figun*?' of similar rluiraeter but <litTfn*nt pn»jK)rtions 
may Ik* obtaine<l. TIh*s(* shotild ea<*h U* drawn, but (*aeh in a dif- 
feriMit {Hh«ition. 

Tlie following ilinvlions. which are IwistMl on general prin- 
ciples, Apply to all drawing whether from objeets or from the tlat, 
for work in |>encil or in anyothrr nif^lium; drawing from another 
drawing, a photograph or a print, whether at the same size* or 
larger, is called working from tht» tlat. 
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ai. Oeneral Directions for'Drawlng Objects. First observe 
carefully the whole maaa of the object, its general proportions and 
the direction of lines as well as the width of the angles. Then 
sketch the outlines rapidly with ver^ light lines, and take care that 
all corrections are made, not by erasing bnt by lightly drawing 
new lines as in Fig. 23. By working in this manner much time 
is saved and the drawing gains in freedom. Where the drawing 
is kept down to only one line which is corrected by erasnre, the 
line becomes bard and wiry, and 
there is a tendency to be satisfied 
with something inaccurate rather 
than erase a line which has taken 
much time to produce. There is 
always a difficulty at first in draw- 
ing lines light enough, and it is 
well for the beginner to make the 
first trial lines with a rather hard 
pencil. Practice until the habit of 
sketching lines lightly is fixed. 
. The ideal is to be able to set down 
exact proportions at the first touch. 
This, however, is attained by com- 
paratively ft^w artists, and only 
after long study, but the student 

Fig. 23. Blocking in Trial Lln«. ^(.jH g^o^ fi^J himself able tO ob- 

tain correct proportions with only a few corrections. 

22. It cannot he too strongly emphasized that the student 
must teach himself to regard the subject he is depicting, as a whole, 
and to put down at once lines that suggest the outline of the 
whole. This he will find contrary to his inclination, which witli 
the beginner is always to work out carefully one part of the draw- 
ing before suggesting the whole. 

There are two objections to this ; in the first place, ranch time 
having been spent on one part, it is almost inevitable that the addi- 
tion of other portions reveals faults in the completed part, and un- 
necessary time is consumed in correcting. The second objection is 
that a drawing made piecemeal is sure to have a disjointed look, 
even if the details are fairly accurate in their relative proportions. 
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Tlie idea of unity is lost and Honie one detail is apt to assume un- 
due importance, instead of all dt^tails Ikmii^ 8ut>ordinattHl to the 
pi*neral efTtx.*t of the whoh*. It is always most im|K)rtant to state 
the giMieral truths ahout the sulijtH't ruthtT than small particular 
truths, which imjuiir the pMientl statement. This applies particu- 
larly to small variations in the otitline which sliould \h} omitttni 
until the hi^ general dinn'tion or hlnijH* has Ikhmi estahlisluHl. 

23. Where an outline drawintr is desinnl, after the correct 
lines have Invn found, tlh*y shonhl iH» nuide stronger than the 
others and then all trial lines crastMl. In doing this the erast^r will 
usually riMuove much of the sharpness of the corn*ct lines so that 
only a faint indication of the dcsirtKl result remains. These should 
lie 8trengthene<l again with a softer juMicil and each line produced, 
as far as possiMe, diri»ctly with one touch ; in the case of curves 
and very long lines, hreaking the line an<i lK*ginning a new one as 
near as |>ossihle to the end of the previous line, hut taking care 
that the lines <lo not lap. 

As s<K)n as the student has actjuirt^l >ome proficiency in draw- 
ing the single figures made from the tahlets, groups of two or 
thret* ohji»cts sh<mld U^ attempte<l. Combinations of InKiks or I>oxe8 
with simple shajM'S, or vas«»s, tumblers, Ik)wIs and lK)ttles will illus- 
trate most of the principles involvtnl in frtvhand persjiective. 
Outline sketches may U^ made on the slate first and testi^d in the 
usual way, and afterward the same gn»up may Ih» drawn largt*r on 
tiHiier. The chief difliculty in *lrawing a gn)Up is to obtain the rela- 
tive projHirtions of the ditTeriMit objtvts. There is the same objec- 
tion to compl(*tiiig oht* obj«H't ancl tht*n another as thert^ is to 
tlrawing a single nbjitl in parts. Tin* whoh* group nmst Ih» sug- 
gi»8ttHi at onee. This can iH•^t Ik» <lone by what is callt*4l bbn^king 
in, by lines which pass only throtigh tin* princi|Mil {K)ints of the 
group. The bhH'k drawing givi*s hanily more than the ndative 
height and width of the entirt* group and the general direction of 
its most im|M)rtant lines. Hut if these are correct, the sulnJi vision 
of the an»a within into correct projHirtions is not difficult The 
Idiiger and m<»re im[x>rtant lines of the {tarts are indicated and 
^hort lines ami dt^tails lost. 

34. Testing Drawinj^s by McASurement. In drawings which 
are not mad«* on the slate the following method of testing pro|K>r- 
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tions is usual. With the arm stretched forward to its greatest 
length, hold the pencil upright so that its unsharpened end is at 
the top. Move it until this end coincides with the uppermost point 
of the object. Holding it fixed and resting the thumb against the 
]>encil, move the thumb up and down until the thumb nail marks 
the lowest point of the object. The distance measured off on the 
pencil represents the upright dimension. Holding the pencil at 
exactly the same distance from the eye, turn it until it is horizon- 
tal and the end of the pencil covers the extreme left point of the 
object. Should the height and width be equal, the thumb nail 
would cover the extreme right edge of the object. If the width is 
greater than the height, use the height as a unit of measurement 
and discover the number of times it is contained in the width. 
Always use the shorter dimension as the unit of measurement. 
The accuracy of the test demands that the pencil should be at ex- 
actly the same distance from the eye while comparing the width 
and height. In order to insure this, the arm must not be bent at 
the elbow and must be stretched as far as possible without turning 
the body, which must not move during the operation. The dis- 
tance from the eye to the object must not change during the test, 
and the position of the eye and body is first fixed by leaning the 
shoulders firmly against the back of the chair and keeping them in 
that position while the test is taking place. It is equally impor- 
tant in both the upright and horizontal measurement that the pt*n- 
cil be held exactly at right angles to the direction in which the 
o])ject is seen; ?'.<., at right angles to an imaginary line from the 
eye to the center of the object. In either j)osition the two ends of 
the ])encil will be ecjually distant from the eye. The test should 
be made several times in order to insure accuracy, as there is sure 
to be some slitrht variation in the distances each time. Avoid tak- 
ing measurements of minor dimensions, as the shorter the distances 
measured the more inaccurate the test becomes. At the best meas- 
urements obtained in this way are only approximately correct, and 
too much care cannot be taken in order to render the test of use. 
Applied carelessly, the test is not only valueless, but thoroughly 
misleading. W^hen there is any great conflict between the appear- 
ance of the object and the drawing after it has been corrected by 
the tetit, it is often srife to assume some mistake in applying the 
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te8t and to triint the evt*. In such u cH.se the tent nmy \h* te^ttnl l>v 

• • • 

the Ut^e of the Hhitt*. A few linen and {M»int8 will \te Hutlicient to 
indicate the width and heit^ht on tlu* i^hite, an<l the rehitive pro|N>r- 
tions can tht*n Im* caU*nlHte<l. 

llie pininhline alfijnis another methcHl of tenting. A threatl 
or a string with any sniall ohjecl ft»r a weij^ht attachi^l to one entl. 
in 8utlicient. Hold the htrin*^ so that it hangs V(*rtica1 and motion - 
U'HS, and at tht* same time covims s(»me im|K)rtant {Kiint in the oh. 
jei't. l»y hH)king up and (h>wn the line the jK)ints iliriH'tly over and 
under the given ]K>int can U* determintMi and the rehitive <li8tanc(*H 
of other imjH>rtant jK)intH to the right and left can Ih» calculatetl. 
Tlie plumh-line will also determine all the vertical lines in the 
ohjiM't an<l help to determine divergence of lines from the vertical. 

A ruler, a long ro<l, or jHMicil held in a j)erftH'tly horizontal 
jMisititui is also (»f assistance in <letermining the width of anglen 
and <livergences nf lines from tin* h(»ri/.ontal. 

J5. Misuse of Tests. The use of tests may easily l>e jier- 
verte<l and Un'ome mischievous. Since the ohject of all draw- 
ing is to train tin* hand and eye, it follows naturally that the more 
th«* student relies U|M)n tests the less will In* dt*|KM)d U|K)n his |)er- 
ivptions to set him right, and the less tMlucation will he Ik* f^iving 
to his jKTceptions. There is no greater mistake for a Htu<ient than 
to um» the measuring t«*st U^fore making a dmwing. SjK*nd any 
amount of time in calculating relative |»ro|H)rtit)ns l»y the eye, hut 
put thf.H(« down and corn^'t tlu*m hv tlu* v\i\ not oncv hut many 
times U'fon' rt•^ortihg to te>is. All the real tHlucati*»n in drawing 
takes plai-f JH'foie tiir ti'>ts an* made. ]a'{ the student rememU*r 
that tlif t«*>ts ma\ hr]|i him tn make an accurate tirawing, hut they 
A ill iifvrr mak«' hiin an accurate draft^man in the true 84Mis<*. 
Ntithint; imt traininj^ the eye to m*i» and the ham! to extvute 
what the eM' ».ees. will i|o that. Wln-n the student has n^acduMl 
the t nd c»f his kno\\htl<'»*. has corrtH'te^l hy the eye as far as he 
can, llu-n hv applying tc'^ts he is enahle<l to set* how far his j>i*rt*ep. 
ti<uis have Ufii incorrtH't. That is the only iMiui*ational value of 
the test. Merely to nntke an accunite drawing with as little men- 
tal effort as |H»>>ilile, nOying u|mui tef*t measurements, nsjuires 
considerahle practice ami skill in making the tests, hut gives very 
little practitv (»r training in drawing. 
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26. Light and Shade. Objects in nature, as before explained, 
detach themselves from each other by their differences in color and 
in light and shade. 

In drawing without color, artists have always allowed 
themselves a very wide range in the amount of light and shade 
employed, extending from drawing in pure outline up to the 
representation of exact light and shade, or of true values, as it is 
called. 

Drawings which contain light and shade may be divided into 
two classes: Form drawing, which is from the point of view of 
the draftsman, and value drawing, which is from the point of view 
of the painter. 

27. Form Drawing. In form drawing the chief aim, as the 
name implies, is to express form and not color and texture. In 
order to do this, shadows and cast shadows are indicated only as 
far as they help to express the shape. This is the kind of drawing 
practiced by most of the early Italian masters, and it has been 
called the Florentine method. It is often a matter of careful out- 
line with just enough shadow included to give a correct general 
impression of the object. There is usually little variety in the 
shadow and no subtle graduations of tone, but the shadows are 
indicated w^th sufficient exactness of shape to describe the form 
clearly. Form drawing is a method of recording the principal 
facts of form with rapidity and ease and of necessity deals only 
with large general truths. Perhaps its most distinguishing feature 
is that it does not attempt to suggest the color of the form. 

28. Value Drawing. The word value as it is used in draw- 
ing is a translation from the French word valef/r^ and as used by 
artists it refers to the relations of liixht and dark. 

Value drawing represents objects exactly as we see them in 
nature; that is, not as outline, Imt as masses of lights and darks. 
In value drawing the artist reproduces with absolute truth the dif- 
ferent degrees of light and shade. While form drawing suggests 
relief, value drawing represents it, and it also represents by trans- 
lating them into their corresponding tones of gray, the values of 
color. In form drawing, a draftsman representing a red object 
and a yellow one, would be satisfied to give correct proportions 
and outlines with one or two principal shadows, while a value 
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drawing of the samo ol»jt*ct8 would show not only the relation of 
the shadows as they an* in nature, but also the further truth that 
the re<l ohjtvt was as a whole darker than the yellow one. The 
light side of the nnl t)hjeet nii^ht even Ik* found to 1h» darker in 
value or tone than the shadow siile of the yellow form. 

29. Values. Prawincr has lH*en eaUed the science of art, 
hut artists have rarely approved the introiluction of seientitie 
nietluHls in the study of dniwincr, ffarin*; lest the use of formulas 
should lead todull nieehanieal results. Students are left todiscover 
ineth(Hls and formulas of their own. It is true that every success- 
ful dniftsman or artist has a metluxl which he has worked out for 
himself, hut he usually feels it to he so much a matter of his own 
individuality, that he is reluctant toimjMjse it on students, who are 
likely to confound what is a vital principle with a |)er8onal man- 
nerism, and hy imitation of the latter injure the (|ualityof {x^rsonal 
expression which is so imjK>rtant in all creative work. So there is 
an inclination among drawing teachers to distrust anything which 
tends even to formulate the principles of dniwing. Ktvently there 
has Ihhmi, however, a distinct advance in the stiuly of these prin- 
ciples, under the leadership of l>r. Denman W. Uoss, of Harvard 
I'niversily, who has ma<le it possible for the first time to 8{K*ak 
with exactness of colors and values. As Dr. Koss has permitted 
the usi» of his valuable scale in this text b(H)k, it will greatly assist 
in making tangible and clear, what would otherwise \h* obscure 
and ditlicnlt to exjilain. 

Tin* word values as used in the text Innik refers entirely to 
relations of lij^ht :nid dark. For instance, tin* value of a given col- 
or, is repn-MMittMJ by a tone t»f gray which has the same ilensity or 
degree of light and <lark that tin* coh»r has. Tin* value of a SjH)t of 
hmI |>aint on a white grouml is cxpn*>seil bv a s|M»t of gray painl 
which apfwars as dark on the while groun<l as d(H\s tin* rt^l |)aint, 
but fmm which the color principle has lK*en omitttnl. A giKnl pho- 
tograph of a colonel picture givfs the values of the picture. A |KX)r 
photograph, on the c<intrary, distorts the values and blues are often 
found t«K) light, while hhIs and yllows will Ih» t<K) dark to truth- 
fully express the values of the <»riginal color. 

30. The Value Scale. All |H)ssible values which can Ik* rep- 
reikMitinl in drawing, lie U*twiH»n the purt^ whites of jmjK^r or pig. 
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merits and the pure black of pen- 
cil, ink, or other pigments. In 
order to think or speak precisely 
of the great range of values be- 
tweijn black and white, it is 
necessary that they shall be clas- 
sified in some way. It is not 
sufficient to say that a given 
shadow is light, or medium, or 
dark in value. Dr. Ross has 
overcome the difficulty by ar- 
ranging a value scale of nine 
equal intervals, which covers the 
whole range from pure white to 
])ure black. Each interval has 
its appropriate designation and 
a convenient abbreviation. This 
scale affords a practical working 
basis for the study of values. It 
is evident that while the indi- 
vidual scale does not include all 
])ossible values, it can readily be 
enlarged indefinitely by intro- 
ducincT values between those of 
the scale as described. As a 
matter of fact, any diffe renews in 
value that iiii<jht come between 
any two intervals of the scale 
would rarely be represented, as 
it is the practice in drawing to 
simplify values as much as pos- 
sible; that is to consider the 
general value of a mass, rather 
than to cut it up into a number 
of slightly varying tones which 
are not necessary for expressing 
anything of importance in the 
object. 
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31. How to Make a Value Scale. Fig. 24 hIiows a value 
scale with the names of the intervHls ainl their Hl)))revintion8. In 
iiiaking a value scale the student should work in ptMicil, confining 
each interval within a circle thn*t».<juarters of an inch in diameter. 
White will l>e re|»rcscntt*<l l»y the while j>ajK»rwith a circle iKMicileil 
p.lout it. Black [U] and white (Wj should 1k^ estahlishtnl lirsl, 
then the mi<M]e value ( M », li»xht [\j) and dark ^H)* afterward the 
remaining values, low light (LL), high light (HL), low dark (LD) 
and high dark ( II I>). 

33. How to Use a Value Scale. When the ohjects to be 
drawn are neutnil in color, that is, are black, white, or gray, the 
relative values are |K*rceived without sjHvial ditficulty. When the 
objei'ts are in color, the dniftsman is obligtnl to translate the color 
element into terniM of liijht and dark. 

I-n order to determine the value of any surface, it is a help to 
com|Mire the surface with a pieiv of white jmjH*r held in such a way 
that it rtH^vives the greatest amount of light. It not infreijuently 
hapiM'Us that twosurfa<*es cjuite ditferent in color will \hi of exactly 
the same value. The student should nnike a j>ractice of observing 
the relative values of things about him, evei> • ^V»n he is not engaged 
in ilrawinrf. 

IMace a sh< et of while pajK*r in the sunlight as it falls through 
a wind<»w and cnmpare its value with ihat of while jWjHT further 
in tin* nH»m and out.HJde of the sunlight. Try a similar ex|>eriment 
with blai'k. Tlie>e nn'relv show what everv<»ne nniy supT>osi^ that 
he kn»»\\s alread\ tluit the Ir-s litdit a .nurfaee re<'eives the darker 
\alue it a|»|M-ars to h:i\r. .\s a matter <if fart, In^ginners ari» more 
rejidv to aiTrpl tiii-^ trulli Nsitli r«*v:ard to eolor than they an* wlien 
it relates to l»l;i<-k and wliilr. 

.\n in>tru«-ti\r way of ^tud\illg \alues is to hnik through a 
clomnl \\ind(»waiid eompare thevuhn^of forms outride to tin* value 
of the window ha^li. K\en when lln» >a.-h is j>ainl«'<l white, it will 
often 1h» oli-ervtd to a[»|Kar darker than any shadow out of il(K»rs. 

^. General Directions for Drawing^ the Examination 
Plates. The examination jilates an* plann«*<| to give aj< great a 
variety to the st>le of <iniwing as tK>s^ible. The archit«i't is calh^i 
njH)n to u^e freiOuiml drawing in two general wavs; to make work- 
ing drawings of ornament, either |>aint(Hi or carvinl, and to make. 
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for reference, sketches or notes, more or less elaborate, from orna- 
ment already in existence, or from buildings either entire or in 
part, as well as from their landscape setting. This course will not 
include drawing of architecture and landscape. 

In making a working drawing of ornament every shape and 
curve should be drawn to perfection, with clean, careful lines, in 
order that there shall be no opportunity for the craftsman who 
executes the work to interpret it differently from the designer's 
intention. Light and shade are used sparingly as the exact 
amount of relief is indicated by sections. 

In making sketches or notes, while proportions must be accu- 
rately studied, form may be suggested by a much freer quality of 
line. In a working drawing light and shade maybe merely indi- 
cated or may be carried to any degree of elaboration. The natural 
way of teaching this kind of drawing is to work from the objects 
themselves or from casts. This is not possible in a correspondence 
course, but all the principles of sketching may be very well taught 
by drawing from photographs of ornament, and this method has 
some decided advantages of its own for a beginner. The light 
and shade in the photograph are fixed, while in sketching objects 
out of doors it changes constantly, and even indoors is subject to 
some fluctuation; and then, in the photograph the object is more 
isolated from its surroundings and so is less confusing to perceive. 

In order to train the sense of proportion as thoroughly as pos- 
sible, the plates are to be executed on a much larger scale than the 
examples, but at no fixed scale. Plan each drawing to be as large as 
possible, where no dimensions are given, but do not allow any point 
in the drawing to approach nearer than one inch to the border line. 

34. Varieties of Shading. In drawing in pen and ink, all 
effects of shadow are made by lines, and different values are ob- 
tained by varying the width of lines, or of the spaces between the 
lines, or by both. In any case the integrity of each line must be 
preserved and there can be very little crossing or touching of shade 
lines, as that causes a black spot in the tone unless lines cross each 
other systematically and produce cross hatching. With the pen- 
cil, however, owing to its granular character one may produce a 
tone without any lines; a tone made up of lines which by touching 
or overlapping produce a soft, blended effect, in which the general 
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direction of tL« strokes Is BtlU viaiblf , or a tono made up of pore 
lines as in pen worlv. In gt'iit-ral it does nut matter eo much, as 
in pen drawing, if lines ti»ueh or overlap. Indeed, tlie natural 
cbaraeter of tlie {leiicil Hue leads to a treatment wliicb incladefl 
both pure lines and more or li-sa bifiided effi-eta. 

35. Directions of Shade Lines. It is always a very impor- 
tant matter to diiide wliat dinviion hIihiK' liiiea pliiitl take. While 
it is iinjKiseilile to give nilis for it. a giHM) genenil j>rini-iple is to 
make the dirct-Ciiin uf tlio lines fullow tlie eontoiira of tlie form. 
The easiest and bimplest mellxMl is to nmku all the lines upright. 
Tliia mellitxl is a very j*o|>ulur one wiih arehitecta. Tlie ohjec- 
lioiiH to it are nioiiotuny and a laek of expression, l)nt it is certainly 
a very s:ifo nielhod and fur prefiTiilile to (ino where desire for 
variety has Uvn earritii too far arui lines lead the eye in a gr«<aC 
nuniln-r uf dilferent direetiona whieh eontradiet the general lines 
of tlie surface ur form. A iialural treiilnient is to adapt the direc- 
tion of lines to tiie elinnieter of tin- siirfaee rejin-sented; that ia, to 
treat eurvni surfaees with eiirvirig lines aiid flat planes with 
straight lines, and in general, liiii's may vt-ry well follow either 
the contuura or llie surfiiees uf tlie form. In that way variety ib 
olitaineil and llie ilirtH-liun uf tlie sliiiding hel|>s tu express the char- 
acter of the tiling n-presenliil. I1iis principle nuial, however, be 
nioditiitl wlien it leaiU lo llie intruductiuu of viulenlty opposing 
sets uf liiii-s. Ahriijit tninsiiiona must Im' avui<le<) and the change 
from one direetion Ut unulher must 1k' itci'utiiplislie*! gradually. 

When* a large siirfiiee is lo nivive a tune, the tune can beat 
be made hya series of nttlier plmrt lines Bi<le by side with aucceed- 

The lengths 

B must 

that the 

1 llie lines may not occur in 

, prwlneiiig liueB of white 



itir-Ut "ig series juxlaiMwHM. The lea 
\\\rWi ..f the lines in euehuftlieseriesr 
jl'^/ji/Jt.l varv eunsiili-rablv in order that 
jlie;r; :.... 

• ' |mrallel lines hy another system is 

"" *.,!!nl\"'ii'ri?s?rr'Z-r^'"' eall.-.! crwi hatchlnj. This method 
probably originated in copiM-rplale engraving, to whieh it is very 
well adapted, especially as a ineaiia of modifying and deepening 
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tones. It also cliauges and breaks up the rather stringy texture 
produced by a succession of long parallel lines. It has now become 
somewhat obsolete as a general method for pen or pencil drawing, 
largely because the result looks labored, for it is always desirable 
to produce effects more simply and directly, that is, with one set 
of lines instead of two or more. If the tone mad*» ^y one set of 
lines needs darkening, it is now more usual to go over the first toae 
with another set of lines in the same direction. 

A great many drawings have been made with sliade lines all 
in a diagonal direction, but this is open to serious objection and 
should be avoided. A diagonal line is always opposed to the prin- 
ciple of gravitation, and tends to render objects unstable and give 
them the appearance of tilting. It is often desirable to begin a 
tone with diagonal lines which, however, should gradually be made 
to swing into either an upright or horizontal direption. 
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Material* Kequlrcd. (>d*« Wollff h HoUd iuk hlAck ix^nrll. one F p«»noll. onit Hil 
p^Qt'll: tH«i d«i/.«'n HhtH'iH lit i»aiM>r (saiin' as pnntlof jtajN'r of «»!h»'r rourne^. but to W uhmI 
forrxamln»tl<*ii s)i«*«-tH In ihN); ou<*r**4l soft r»il»N*r; tnii* UKiUum nililwr ir''«'*'n orrtnl. 
with wtHli;** «*nilH , nii*Mlr»wli)x inianl: six thumb tuckH. oiio IxiX naturul drawintc roudt*lH; 
• »n^Ot»ss .slat*-; oni« Oomi ih^ucII ; om* half iloz^n shtt-ts of tracing i»aiHT. 

Aft«T thf prfliiiilimry practlr** witli strtilKht IIdi's atid ourv«*s th«* htuilcni may prf»- 
CMd toi'XfH'Ut** ri:it**<« 1 :iutl II 



FOLATE I. 

llu' priiu-ipal diinrnsions in inches art' indicatiHl on the* model 
plate. AH dinu'iisions ant! pn>jM»rti()ns shoiiKI howeviT Ik* «lrtrnnim»tl 
l»v t\\v v\v ailcinr. Mrasurt'nu'nts inav Ik» ustnl as a test after the 
.M|Uan's are laid in. The fi^un's on the left shonid Ik* ext*entt»tl first, 
in cinler t(» avoiti ruhhin;: l»y the hand aiul sleeve. 

Fij:s. 1. 2. .'{. -I, .') an' motives from K^yptian pamtinl deef)ration. 
Ki^s. 1. 1?, I and ."i an* all ilerived fn)m or sn^p*stnl l»y jmttenis pn>- 
duet*<l hy plaitin;: or wearing;. The InmhTs of Fi^. 'A are d«'rive«l 
from l»nn<ll«*> of ree<N Iwiund to;;i*ther. 

As all the ti;^un's an* lartre jiml simple, they shonid 1h» exe<Mit«Hl 
with a nitluT wide liin- drawn witli the V jM*neil. Draw the eonstnie- 
tion liiH'N on this and on all other plateN when* thev an* ne<i»s.siirv. si> 
lightly that they ean 1m- iM-rfiiily eraM-il withiMit h'avin;; any indenta- 
tion in the pajHT. Aft<r ilii- « Mn>tnn'tion hne> are drawn ont in Fi^s. 
I and o. stn'n;:theii iht- lih«> t»f ilu* |»att«ni. In tTa^^in^. mneh of the 
|»attern will U* n ino\id. Tlii^ liin*' u'" **\*'r riu\\ linr with a Ninj^le 
stn>ki* i»f the ^t\u\ ink [hmhU. I >o not inrn iln' pa|KT in draw in;; 
diagonal and vtTtieal lines. Thex an* «;i\en esin-^ially to train the 
hand to e\e<nte surh lines. \\\ inrniiii: the pajM'r tin* e\en'i>e Im»- 
f limes one of tlrawin;; horizontal lilies, whieh an* the h*ast difiieult. 

Fi;;. t'» is the skeleton of a \<tv romimui tyjM* <if ornament et»n- 
sistiri)^ of rnrvt**! lines radiating fn>m a |M>int at th<* Ikim*. on either side 
of a <*t*ntnil axis. 
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PLATE 11. 



Fig. 1 \3 the l>asi8 of a large class of oniament founded on the 
lines of organic gn)U'th, caHtnl scrolls or ineamlcrs. 

Fig. 2 is an Eg}'{)tian lM>nlcr consisting of alteniate flower and 
hud forms of the lotus, the most typical and universal of all the Kgyp- 
tian dw'orativc units. The outline of the flower displays the Egyp- 
tian feeling for suhtlety an<l n»finemcnt of curve. Obser\*e how the 
short rounde<l cun'e of the hasc passes into a long subtle curve which 
liecomes almost straight and tcnniiuites in a short full turn at the end. 

Fig. 3 is a simple fonn of the guilWhe (pn)nouncetl geeydeh), 
a motive which first lH*comcs common in Assvrian dei»oration and is 
afteni'anl incoqK)nitt*<l into all the su(*(tv,ling styles. 

Fig. 4 is the skeleton of a Inmler motive where the units are dis- 
pcxsetl on either side of the long axis of the l>onler. 

Figs. .') and 7 an» varieties of the (frt»t»k antheniion or honey- 
suckle pattem, one of the most suhtle and |H*rfect of all ornamental 
fonns. ( )l)S4'r\e in Fig. ."> the (juality of the cunes — the cimtrast of 
fuU nnindcNi parts with long curves almost stmight which characterize 
the Kg}'ptian lotus. Note in lM)th examples that there is a regular 
ratio of incn'as<» lH)th in the size of the IoIm\s and in the .sj>aces lietween 
each, fn>m the lowest one up to the center. It is invariably the rule 
that each IoIn' shall Ih* (*ontinue<l to the bas<* without touching its 
neighl>or. 

Fig. r» is un Kgyptiaii "all-over*' or n'jH*ating patteni painted on 
wall surfa<'es. It i^ made up of eoiitinnous (*in'les lilli*<l with lotus 
forms and the intiTvniini: spaces with buds. 

PLATI; III. 



Thi^i plate i^ to < o..iain itiut* outline drawings illustmting Itides 
S. 12. l.*5. I I, ].'», 17. 1^. ]'.^ 20. The drawings may Ik* made and cor- 
re<'t«l on the >late and tlini <opi«»il aw to the pajHT or they may Ik» 
dmwn tlin'itly on the pa|M'r. They may Im* fn>ni the miMh^ls or from 
simple gmmetri<* nbj«itN >\u'\i a^ Im»\i'n. b|iM-k>. cups, jmns, plates, 

•»|>oo|s, flower |>ot»*. Iwittles, rtr. 

in-ATR IV.» 

Thes4* are rliarat teri>tir lornis of ^in'i'k v;i,ses. Ki«'. 1, tlie I.crhy. 

N'lB. TM<* i>Ut*> ;4ii.l all ••iir.-<-ciliiitr ••iK-4 an* to tx* iiurrouDdvl liy » t>ordi*r lliM. 
dimwo rr«^bau«l ••!>** iti> b fr<iiu lb«* *^ti** iif ib«< p.k(H-r 
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thos, was used to hold oil, Fig. 2, the Kantheros, is one form of the 
drinking cup, and Fig. 3, the Hydria, for pouring water. 

The drawing of these vases includes a great variety of beautiful 
curves. They are to be executed entirely in outline, and both con- 
tours and bands of ornament and the relative sizes of each are to be 
preserved. 

Calculate the heights so that the bases shall each be one inch 
from above the border line and the upper point of Fig. 3 about one 
inch below the border line. In sketching them in, first place a con- 
struction line to represent the central axis. Across this, sketch the 
outlines of the horizontal bands and then sketch the contours, follow- 
ing the general directions given in Sections 21 and 25. Remember 
that lines are to be drawn lightly and corrections made by new lines 
and not by erasures. Use the arm movement as much as possible in 
drawing the curves. Before executing the examination paper, prac- 
tice drawing each vase entirely without corrections of the lines. 

PLATE V. 

Fig. 1 is from the pavement in the Baptistery at Florence and is 
in the style called Tuscan Romanesque. The pointed acanthus 
leaves in the small border at the top, are identical in character with 
the Byzantine acanthus. 

This drawing is to be treated like a sketch made from the object. 
After sketching in the pattern and correcting in the usual way by 
drawing new lines, erase superfluous lines and strengthen the outlines 
by lines made with one stroke. The final outline should, however, 
be loose and free in character and express the somewhat roughened 
edges of the pattern in white. This does not mean that the direction 
of the line must vary enough to distort any shapes.* Observe that 
most of the shapes appear to be perfectly symmetrical only their edges 
seem slightly softened and broken. Fill in the background with a 
tone equal to the dark (D) of the value scale. Make this tone by 
upright lines nearly touching each other and if the value is too light 
at first, go over them again by lines in the same direction. If a back- 
ground line occasionally runs over the outline, it will help to produce 
the effect of the original. 

Figs. 2, 3, 4 and 5 comprise typical forms of Greek decorate f' 
mouldings. The examples have much the character of a working 
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drawing and the plates are to be enlarged copies, but instead of fol- 
lowing the character of the light and shade of the original, the shadows 
are to be executed by upright lines. (See Section 35.) The darker 
shadows are to be the value of dark (D) of the scale, the lighter ones 
the value of middle (M). 

PLATE VI. 

Place these drawings so that there will be at least an inch be- 
tween them and about half an inch between the border line and 
the top and bottom. 

Fig. 1 is from a drawing of a wrought iron grille in a church in 
Prague. Some idea of the shape of the pieces of iron is conveyed by 
the occasional lines of shading. The pattern will be seen to be dis- 
posed on radii dividing the circle into sixths. Construct the skeleton 
of the pattern shown, establishing first an equilateral triangle and 
the lines which subdivide its angles and sides. About this draw 
the inner line of the circle and extend the lines which subdivide the 
angles of the triangles, to form the six radii of the circle. Complete 
the outlines of the pattern before drawing the shading lines. This 
drawing with its lines and curves all carefully perfected represents 
the kind of working drawing which an architect might give to an iron- 
smith to work with, although in a working drawing, a section of the 
iron would be given and each motive of the design would propably be 
drawn out only once and then as it was repeated it would be merely 
indicated by a line or two sketched in. 

Fig. 2 is from a photograph of a wrought iron grille at lAicca in 
the style of the Italian Renaissance. The drawing to be made from 
this, the student must consider to be a sketch, the sort of note or 
memorandum he might make were he before the original. 

The accompanying detail gives a suggestion of the proper treat- 
ment. The general shape of the whole outline should be indicated 
and the larger geometric subdivisions; the details of two of the 
compartments suggested by light lines and those of the remainder 
either omitted or very slightly suggested. Trj- to make the drawing 
suggest the "hammered'' quality of the iron. Although the cun-e? 
are all beautifully felt, there are slight variations in them produced 
by the hammer, or they are bent out of shape by time, and the thick- 
ness of the iron varies sometimes by intention and sometimes by acci- 
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PLATE VI. PIG. 1. 

Wroug-ht Iron Grille, Prague. 




PLATE VI. FIG. 2. 

Wrought Iron Grille, Lucca. 
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dmt Take care, however, not to exa^^rate the freedom of the 
lines and do not carr^* the variation .so far that cun'es are <li.storted. 
Make the drawinfc in oudino first 
with a hne which breaks occasion- 
ally, with portions of the line 
omitted This helps (o indicate 
thf texture of the iron and .sugf^ta 
it-i free hand-made rhararter. 

Thai iMirt of the Itack^n^tind 
whi< -h ill du' photopuph appears 
I>lM(k l)ehind the in>n, slioidd l>e 
filiiil in with a tone e<pial to the 
<iark ll>l of the value »cale. It 
should onlv 1h- pla^-cil Itehind the 
two (HinijmrtnieiiLs which are most 
(iin-fiillv ilnnvn. with perhajut an 
irn>};ulur pntcli of it in the adjoining 
compartment. In mnking the hai-k^muinl ust- siii^^tc pencil strokes, 
side by side, w ith the hi)!!!! ink jH-mil, ver; uf-ar toj;i-ther or occasion- 
ally touching, fiivf a >lij;ht cune to eiirh stn>ke. 'Hie direction 
of Uu> lines may Ik- either upri^dit, or they luiiy keep the leading 
climiion of tlie ^eiierid lines of the {uiltern. lint they should not 
lie .sliff or nie(-)ianiral. If the value is not <htrk etioti^'h another set 
of lines may l>e made iivrr the fir>t iine-i. kfcjiiuj; the Mime diret'tion. 
'Hh' only part.- nf the in)tiwork itM-lf which n-ijiiin- sliadin^ are 
those twistiii pieivs wliiili niiirk tin- ■.uUiivi-iini, the cmtiT e«lp-. 
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and the drawing has the general character of a working drawing. 
Every part is very clearly expressed in outline, slightly shadowed, 
and a section explains the exact contours. In drawing the outline of 
the leaflets, observe that one edge, usually the upper is generally ex- 
pressed by a simple curve and the other edge by a compound curve, 
the variation in which, however, is slight. Draw a circle first to con- 
tain the outer edge of the rosette and sketch in lightly the main rib or 
central axis of each leaf. Then block in the general form of the leaves, 
not showing the subdivisions at edges. Next place the eyes — the small 
elliptical spots which separate one lobe from another — and draw the 
main ribs of each lobe, finally detailing the leaflets in each lobe. In 
shading use the value dark (D) for the darkest values and the middle 
value (M) for the others, and instead of producing a perfectly blended 
tone as in the original, let the tone retain some suggestion of lines, the 
general direction of which should follow that of the main ribs in the 
leaves. In the shadow of the rosette on the background, let the lines 
be upright. Lines naturally show less in very dark values than in 
lighter tones, for it is difficult to produce the darker values without 
going over the lines with another set and that has a tendency to blend 
all the lines into a general tone. 

PLATE VIII. 

Plate VIII is a sculptured frieze ornament introducing various 
forms of the Roman or soft acanthus. In this as in all scroll drawing, 
the skeleton of the pattern should be carefully drawn, then the leaves 
and rosettes disposed upon it. Always draw the big general form of 
the acanthus, and proceed gradually to the details as described in the 
directions for Plate VII. This like Plate VII, has the general charac- 
ter of a working drawing, only in this case there is no section. Use 
the same values and same suggestions for directions of line as in 
Plate VII. 

PLATE IX. 

This plate is an example of the Byzantine acanthus on a fragment 
in the Capitoline INIuseum. In drawing this, place the central axis or 
main rib of the leaf first, then establish the position of the eyes — the 
egg-shaped cuts which separate the lobes. The general contour of 
the lobes and their main ribs should next be blocked in before the 
final disposition of the points or leaflets is determined. 
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The drawing of this plate is to be enlarged to about ten inches in 
height and well placed on the sheet with the center of the drawing 
coinciding with the center of the plate. This drawing is to be made 
by the use of two values only, with white, and the student may select 
his own values. The object is to select the most important 
features and to omit as much as possible. It would be well for 
the student to first try to see how much he can express with one 
value and white. The values are to be obtained by upright lines. 
Outlines are to be omitted as far as possible in the finished sketch 
and forms are to be expressed by the shapes of the masses of 
shadow. Where only two values and white are to be used, it is 
desirable to leave as much white as possible and not allow the 
shadow values to run too near to black as that produces too harsh a 
contrast with the white. On the other hand, if the shadow values are 
too high in the scale, that is too near white, the drawing becomes weak 
and washed out in effect. As this drawing is to be large in scale, it 
should be made with the solid ink pencil and with wide pencil strokes. 
After the outline has been sketched in, the shading or "rendering" 
may be studied, first on tracing paper over the drawing. There 
should be no attempt at rendering the background in this drawing. 

PLATE X. 

Figs. 1 and 2 are to l)e placed on this plate, but Fig. 1 is to be 
rendered this time as near to the true values as it is possible to go 
by using four values arul white in shading. The pencil lines should 
be blended together somewhat, but the general direction of the shad- 
ing should follow the central axis of the lobes. Only the leaf itself 
is to be drawn and the back^jround value should be allowed to break 
in an irregular line about tlie leaf. It shouUl not be carried out to an 
edge which would represent the sliape of the entire fragment of stone 
on which the leaf is carved. In studying the shapes of the different 
shadows it is well at first to exaggerate somewhat and give each value 
a clean, definite shape even if the edges appear somewhat indefinite 
in the original. At the last those edges which are blurred may be 
l)lende(l together. 

Fig. 2 is ?i Byzantine capital from the church of San Vitale, at 
Ravenna. This is to be drawn so that the lines of the column shall 
fade off gradually into nothing and end in a broken edge instead of 
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stopping on a horizontal line as in the original. The top of the draw- 
ing al)ove the great nisiiion whirh n\sts uu tlie <»apital pn>|HT should 
also fa<le off into nothing and with a l>n»keii line instead of the hori- 
zontal .straight line. A small lm)ken an*a of the* ha('kgn)und value 
.should l)e plained either side of the capital. In «lni\ving an ohjwt like 
this whi(*h is full of small «h'tail there is tlanjrer <if losing the larger 
qualities of .solidity and roundntv^s hy iiisistiii;^ t<M) mu(*h \i\Hm the 
small jmrts and there is also danpT of making tlu* tlrawing t<K) s|>otty. 
It is a goofl primiple to divide at first that the detail is to Ih» expressetl 
either in the shadow or in thr li^ht, l>:it not tspiallN in lK)th. This 
principle is l>ase<l on one of thr farts of virion, for in l(M>king at an 
ohjiH-t one s<H's only a <-oinparativ<'ly small amount of detail; what 
falls on rither side of the .s|M)t on whirh tlif v\v i> f<K'Use<l ap|HMirs 
blum*d an«l indistinct. In an (»hjcit of this kind whoM' si^cticm is 
circular, one can In'st express tlu' >ha|M» hy coiH*cntnitin^ the study 
of detail at the |H>int where tlie lijxht U*avcs off and shadow iH'gins, 
n'pre.s«»nting less and less <letail as the ol»je<-t tunis away fn»m the 
spe<'tator. In this drawin;:. however, then* may Ih» more detail ex- 
pr(*sM*d in the sluulow tlian in the li^ht, hut rememlHT that outlines 
of olijects in shadow lost* their shaq>nes>i antl InM-ome softeneil. I>o 
not attempt to show all th<* ;^nM>ve> in tlu* part^ in >had(»w; indi<'ate 
one or two principal ones and 'ndicate mi»n' and inon* d<*tail as the 
leaves appmach the ]M»int when* the li;:ht lH*;:ins. Then* the ri(*hness 
of detail may Ik* fully n'pn's4*ntetl. hut a^ the foni»> pas> into the light, 
omit mon» and iiH»n* detail. .\;:ain oliNrrvt* that any small plane of 
shiMli>w stim»undeil l»y inti*ns«« li;;ht. if (*\ainineil in detail, ap|H*ar* 
<larker l»y c«»ntni>t. Imt if n*pn*stiiti»il a> dark as it ap|H*ars it U't^omes 
spotty and out of value. If ol»M*rv(*d in n-lation to the* whoh 
object its nal vahn* will In* Mt-n to In* lii^littT than it a|»|M*ars when 
examin<*<l l>v it^^'lf. I'm* whit- and foiir \ahi«"^ to Im* d(*t(*rmine«l l»v 
the student, tinani a;:ainN« tiM» strtMiL' mntra^t^ «»f \alnes within th«* 
shallow as it .-uts it up and destrn\^ it> niiilv. and in e\erv drawm^ 
made, show riearly just whirh i^ tin- shallow '-'u\v and whi«h is the 
li^^M That is. do not plaee s«i many ^hadnw vahit"* within the lii:lit 
that it de^trnvs it. and ilo n<>t invade siiadow^ with tcMi manv l!;:hts 
and ntleit«il li;:hc^. Vnte that it is rharartt-riNtie of the Itx/antme 
U4*anthus t« ti.i\e the |Miint^ of «-\«t\ tmi* nr luU* ti»U( h sDinethin^; 
IM) |)oiiits are ufl Trtv, hut ol>scr\c also that the jioints have .si»ine Mil>' 
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stance and width at the place they touch and must not be represented 
by a mere thread of light. It would be a mistake to introduce much 
variety of direction in the lines in this drawing, especially in the 
shadows, as it would " break it up " too much. The concave line of 
the contour of the capital may well determine the dominant direction 
of the lines which should not be very distinct as lines, but should blend 
considerably into general tones. Wherever a plane of shadow stops 
with a clean sharp edge the drawing must correspond, for its interest 
and expressiveness depend upon its power to suggest differences in 
surface — those surfaces which flow gradually into one another as well 
as those in which the transitions are sharp and abrupt. 

The student should be very scrupulous about using only the 
values of the scale, and in the lower left comer of each sheet he should 
place within half-inch squares examples of each value used on the 
drawing with its name and symbol indicated. 

PLATE XI. 

This capital, of the Roman Corinthian order, is in the Museum of 
the Baths of Diocletian in Rome. 

The foliated portions consist of olive acanthus, and the student 
should carefully study the differences between this and the soft acan- 
thus. It will be noted that the greatest difference is in the suMivi- 
sion of the edges into leaflets. In the soft acanthus there is always a 
strong contrast of large and small leaflets and the lobes overlap each 
other, producing a full rich ett'ect and the general appearance is more 
like that of a natural leaf. In the olive acanthus the leaflets in one 
lobe differ slightly from each other in size, are narrower, and hounded 
by simple curv^es on either side, where the leaflet of the soft acanthus 
has the compound curve on one side. 

The student may use as many values as he thinks necessary, but 
he should he conscientious in keeping his values in their scale relations 
and should place an example cf each value used, with its name in one 
comer of the drawing. 

To make a satisfactorv drawincr of a form so full of intricate 
detail as this is diflicult, as there is a great temptation to put in all one 
sees. The general instructions for drawing Plate \TI are equally 
applicable here. The student should remember that a drawing is an 
explanation, but an explanation which can take much for granted. 
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For instancei if the carved omameot cm the mouldings or at the top 
of the capital are expressed where th^ reoeive full lij^t, th^ mutt 
become more and more vague suggestions and finally disappear in 
the strong shadows; so the division line between the two mouldings 
of the abacus may be omitted in shadow and the mind will fill in 
what the eye does not see. One could go farther and express the detail 
only for a short space, letting it gradually die away into light or be 
merely indicsited by a line or two, and still the explanation would be 
sufficient and far less fatiguing to the eye than literal insistence on 
; every detail for the entire laigth. It is an excellent plan to look at 
the original, whether a photograph or the real object, with half closed 
eyes. This helps decidedly to separate the light masses from the 
dados and shows how much that is in shadow may be omitted. 

Hie smaller lobes on the olive acanthus have no main ribs and 
lines are carried from the intersection of each leaf toward the base, 
the section of the leaflet being concave. The section of the leaflets 
cm the soft acanthus is more V-shaped. 

PLATE XII. 

This is a portion of a pilaster decoration in the Italian Renais- 
sance style. The acanthus is of the soft Roman type, but much more 
thin and delicate with the eyes cut back almost to the main ribs and a 
space cut out between each lobe so there is rarely any overlapping 
of lobes. Lay out construction lines for the scrolls, block in all forms 
correctly, detailing little by little, so carrying the whole drawing along 
to the same degree of finish 
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DEFINITIONS AND GENERAL THEORY. 

1. Whkn any t>hjt*ct in space is Umh^ vit»\ve<l, niys of lij^lil 
an? rpflrt'tod from all points of its visil»K» surfarc, and vuWr tlie 
eye of the ol>st*rvrr. These niys i»f lii^lit are eallfd visuci rays. 
Tliey strike n|>on the sensitive nieinhnme, i'allecl tlie retina, of 
tlie eye, and form an i:nap». It is from this ima;^<» that the 
oliHerver n*eei\es his impressio;i of tht» apiKMinintM' rf the oKjeet 
at wliieh he is I.Mikin*'. 

2. In Vi'^, 1, h't the trian^nhir canl nf^r rej»ivs<»nt anv ohjeot 
ill s|Miee. The i:naj^e 
of it on the retina 
of the ohsi»rver's eve 

• 

will he formed hv 
tlie vi.sual ravs n*- 

* 

fliH*t4Mi fn»m it** snr- 
faiv. Thes4» nivs 

* 

fonii a pyramid or 

roiie whieii has thf nliS4»r\tr*s ry ft»r ils ajM'X, and the ohjiM't in 

Hjiaee for its luis**. 

3. If a trans|mnnt phnu' M, Ki^'. -, 1m» plaecd in sneh a 
|Ni8ita(»ii that it will intersi'ct the ront* of \isnal ra\s as shown, 
Uio iiiU*rs<M'tion will l>e a projection of tlu* ohjcrt npon the |»lane 
M. It will In* notirtMl that tia* projretiii'/ lines, or projectors, 
iiiHt<*ad of U*in^ jitrjwMHlinil.ir to the plan**, as i«i the «-ase in 
ortlH»j^raphie pn»jeelion,* an* the visual r.'X** whieh all convi'i-^e to 
a sin^^U* jwiint eoinri«lent with the olisrr\«i's v\r. 

• In <>rth<»ffrB|>iar t»n>}t'<'Uiiii ait oh^i-ct U r«*pmM*iitr«l uimmi twn platim at rlffht 
Anff}«« tfi r«rh«itlirr !•> Uiir« ilr^vot {•«• ';i«-tMli«-uiBr !«» !))•««• |iUii«i« from aU imiiiiaiiMi tha 
«ir «'«int4iur of iIm* t>lij«^ t Mi* It |t<*r|irn«lii-u ar iiii<« iiit«TM«Miii|c the plauoi glT« 
whieii ftre c»ll«d pru)octiucM vrth*fifr*»p**ic }ut ilttB ubjoct. 
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4. Every point or line in the projection on the plane M will 
appear to the ohserver exactly to cover the corresponding point or 
line in the object Thus the observer sees the point a^ in the 
projection, apparently just coincident with the point a in die 
object. This must evidently be so, for both the points a^ and a 
lie on the same visual ray. In the same way the line a^f in the 
projection must appear to the observer to exactly cover the line 
ah in the object ; and the projection, as a whole, must present to 
him exactly the same appearance as the object in space. 

5. If tJie projection is supposed to be permanently 6xed 
upon the plane, the 
object in space may 
be removed without 
affecting the imago 
on the retina of the 
observer's eye, since 
the visualrays which 
were originally re- 
flected from the sur- 
face of the object 
are now reflected 
from the projection 
on the plfiiie M. In 
otiier words, this 

rig. £. L/La«ruTii AnoH-m; I'rojccTLun ui \jDji<ct on i'liiiio 

projection may Iw 
used as a sid)stitute for the object in space, and wlien placed in 
proper relation to tlie eye of the observer, will convey to him ini 
impression exactly similar to tlmt which would lie )irodu(;cd were 
lie looking at t! ; real object. 

6. A projection sucli as that just descrilied is known as a 
perspective projection of the object which it nti)reseiits. The 
plane on which the perspective projection is made is called the 
Picture Plane. The position of the observer's eye is called the 
5tation Point, or Point of Sight. 

7. It will lie seen that the persi)cctive projection ot any 
point in tJie object, is wbeix; tlie visual ray, tlirough that point, 
pierces the picture plane. 

8. A perspective pii>jection nmy be defined as the r 
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tation, upon a plane surface, of the appearance of objects as seen 
from some given point of view. 

9. Before beginning the study of the construction of the 
perspective projection, some consideration should be given to 
phenomena of perspective. One of the most important of these 
phenomena, and one which is the keynote to the whole science of 
perspective, has been noticed by everyone. It is the apparent 
diminution in the size of an object as the distance between the 
object and the eye increases. A railroad train moving over a 
long, straight track, furnishes a familiar example of this. As the 
train moves farther and farther away, its dimensions apparently 
become smaller and smaller, the details grow more and more 
indistinct, until the whole train appears like a black line crawling 
over the ground. It will be noticed also, that the speed of the 
train seems to diminish as it moves away, for the equal distances 
over which it will travel in a given time, seem less and less as 
they are taken farther and farther from the eye. 

10. In the same way, if several objects having the same 
dimensions are situated at different distances from the eye, the 
nearest one appears to 
be the largest, and the 
others appear to be 
smaller and smaller as 
they are farther and 
farther away. Take, 
for illustration, a long, 
straight row of street- 
lamps. As one looks 
along the row, each 
succeeding lamp is ap- 
parently shorter and smaller than the one before. The reason for 
this can easily be explained. In estimating the size of any object, 
one most naturally compares it with some other object as a stand- 
ard or unit. Now, as the observer compares the lamp-posts, one 
with anothar, the result will be something as follows (see Fig. 3^. 
If he is looking at the top of No. 1, along the line 6a, the top of 
No. 2 is invisible. It is apparently below the top of No. 1, for, in 
order to see No. 2, he has to lower his eye until he is looking in 
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tlie direction ba^. He now sees tlie top of No. 2, but the top of 
No. 1 seems some distance above, and he natumlly concludes that 
No. 2 appears shorter tiian No. 1. As the observer looks at the 
top of No. 2, No. 3 is still invisible, and, in order to see it, he has 
to lower his eye still farther. Comparing the bottoms of the posts, 
he finds the same apparent diminution in size as tlie distance of 
the posts from his eye increases. The length of the second post 
ap{)ears only equal to the distance 7rm as measured on the first 
post, while tlie length of the third post appears only equal to the 
distance os as mejusured on post No. 1. 

li. In the same way that the lampposts appear to diminish 
in size as they i-ecede from the eye, the parallel lines (a, a„ 
«i^, etc., and c, c^, c^y etc.) which run along the tops and bot- 
toms of the posts apj)ear to converge as t!iey recede, for the dis- 
tance between these lines seems less and less as it is taken farther 
Und farther away. At infinity the distance between the lines be- 
comes zero, and the lines appear to meet in a single point. This 
point is called the vanishing point of the lines. 

12. If any object, say a cube, Fig. 4, is studied, it 
will be seen that the lines which form its edges may l>e separated 

into groups according 
to their different direc- 
tions ; all lines having 
the same direction form- 
ing one group, and ap- 
parently convei'ging to 
a common vanishing 
point. Each group of 
parallel lines is called a 
system, and each line 
an element of the sys- 
tem. For example, in Vi'^. 4, A, A,, A,, and A^^ belong to one 
group or system ; H, H,, B,, and B,, to another; and (\ C,, C^, and 
(\, to a third. Each system has its own vanishing point, towards 
whioh all the elements of that systt* ji a|)i)ear to converge. This 
])henomenon is well illustrattMl in the parallel lines of a railroad 
track, or by the horizontiil lines wliich form the courses of a stone 
wall. 




Fig. 4. Diagram Shuwiug Construction Linos for Cube 
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13. As all lines which belong to the same system appear to 
meet at the vanishing point of their system, it follows that if tJie 
eye is placed so as to look directly along any Ihie of a systenij that 
line will be seen endwise^ and appear as a point exactly covering tJie 
vanishing point of the system to which it belongs. 

If, for illustration, the eye glances dii*ectly along one of the 
horizontal lines formed by the courses of a stone wall, this line 
will be seen as a point, and all the other horizontal lines in the 
wall will apparently converge towards the point. In other words, 
the line along which the eye is looking appears to cover the van- 
ishing point of the system to which it belongs. Thus, the vanish- 
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Fig. 5. Sketch Showing Method of Finding Vanishing Point for Construction 

Lines of an Object 

ing point of any system of lines must lie on that element of the 
system which enters the observer's eye, and must be at an infinite 
distance from the observer. Therefore, to find the vanishing 
point of any system of lines, imagine one of its elements to enter 
the observer's eye. This element is called the visual element of 
the system, and may often be a purely imaginary line indicating 
simply the direction in which the vanishing point lies. The van- 
ishing point will always be found on this visual element and at an 
infinite distance from the observer. 

14. To further illustrate this point, suppose an obseiTer to 
be viewing the objects in space represented in Fig. 5. He desires 
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to find the Tanishing point for the system of lines parallel to the 
oblique line ah which forms one edge of the roof plane ahcd. 
There are two lines in the roof that belong to this system, namely: 
ah and dc If he imagines an element of the system to enter 
his eye, and looks directly along this element, he will be look- 
ing in a direction exactly parallel to the line a£, and he will 
be looking directly at the vanishing point of the system (§ 13). 
ITiis visual element along which he is looking is a purely imaginary 
line parallel to ah and dc. All lines in the object belonging to 
this system will appear to converge towards a point situated on 
the line along which he is looking, and at an infinite distance from 
him. 

This phenomenon is of great importance, and is the founda- 
tion of most of the operations in making a perspective drawing. 

15. The word " vanish *' as used in perspective always* im- 
plies a recession. Thus, a line that vanishes upward, slopes up- 
ward as it recedes from the observer ; a line that vanishes to the 
right, slopes to the right as it recedes from the observer. 

16. It follows from paragraphs 13 and 14 that any system 
of lines that vanishes upward, will have its vanishing point above 
the observer's eye. Similarly, any system vanishing downward, 
will have its vanishing point below the observer's eye ; any sys- 
tem vanishing to the right, will have its vanishing point to the 
right of the observer's eye ; and any system vanishing to the left, 
will have its vanisliing point to the left of the observer's eye. 
Any system of horizontal lines will have its vanishing point on a 
level with the observer's eye, and a system of vertical lines will 
have its vanishing point vertically in line with the observer's 
eye. 

17. All planes tliat are parallel to one another are said to 
Iwlong to the same systeni, each plane being called an element 
of the system. 

All the planes ()f one system appear to approach one another 
as they iveede from the eye, and to meet at infinity in a single 
straight line called the vanishing trace of the system. Thus, 
the u])[)er and hnver faces of a cube seen in space, will appear to 
eonveri^ towartl a straight line at infinity. 

18. If the eye is so placed as to look directly along one of 
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tlie phiiios of a hvsUmii, that plane will U» si»rii tMl^i*\visi% and will 
a|»|K*ar hh a sin^^le stnii^^lit liiif fxaotly t'ovfrin^ the vanishing 
tnut* of tho systtMii t4> which it lK»h)nys. The |»la!K» of any system 
that imsses tli rough tlie observer's eye is called the vUual plane 
of that system. 

11>. From § IH, it follows that (he vniiishiiig traee of a system 
i)f plant's that vanishes upwanK will 1h» f(»und ahove the level of tlie 
eye, while tJie vanishing tnu-e <»f a system of planes vanisliing 
downwani, will Ik* f«)Und U»low tin* level of tln^ eve. The vanish- 
ing tniteof a .system of vertical plant's will U^a veitieal line; antl 
of a system of ht»ri/.t)ntal planes, a horizontal line, exactly on a 
level with the tihscrvers eve. 

•JO. 'I'lic Nanishing trace t»f tht» system t»f hori/.<»ntal planes 
is callcti the horizon. 

The \ isual plane of the lu»rizontal syst4*m is called tht» plane 
of the horizon. 'I'lu' plane of tlie hori/on is a m(»st imi>ortant one 
in the coiistt nctioii uf a pciNi^Mtivc projection. 

-1. From tilt* foifgoing tliscussion the truth t»f the follt»wing 
statements will U* evident. 'Hiey may Im* callt*tl the Five Axituns 
«»f l*ei>|H'ctive. 

('I) .1// ffi*' lintH nf* an*' ttj/Mft'iii tiftfn»ir to convt'ftft* ami to 
iiitrt ttt >in intinitt' tiiMfiinrt' J'r'»ni (fir (tl>n* rv* rn ♦•//♦', in tl ftntfli' 
ftnitit I'lilit ii flit v*tninhniif fmiut ittth*' nifnttui, 

{f>) All tilt' ftliifitn nf (ttw fi/Hfrm iiftftttir to *f/wfvn/f* *i« thfi^ 
r»ritl*' f'r"ifi tilt' t ift\ antl tn mttt at on intinltt' i//W<i/j/v from thf 
ttltMtrr*'r^ in o tttn>flf' ftroii/ht lint' rollni tin' voni^hintj tract vf the 
$i^iittni, 

('•) An If lint' htintj in a plant' will hart- itg vani»hin4/ jnnnt 
fftnii H'lh rf in (h« roiiiitliini/ trarr uf (he jtltiHf in n'hit*h it lien, 

( •/ ) Thf' Vfininhintf (rorr nf tini/ flont' tnni*( pans throHifh thf 
vaninhinti ft'o'tttn nj all lin* m that lit- in it. Than, jii\#/v tht* rati" 
i»hintt frart nf a plane in a ntraiiiht lin*- ( § 1 S ), the vaninhintj fnantn 
v/ anif twu lintM If/in^f in a phinf will dttt-rniint^ the raninhintj trace 
ttf the 9i/Mt*in to whirh the plane hehaiifn, 

( ♦ ) An tht' internei'tinn nf tw* plaut^n in a line li/in*/ in hoth^ 
tht vaninhintf pnint nf thin interneetinn tnunt lie in the vaninhintj 
trae,M nt' hnth planen^ ami henee^ at the point trhere fh** raninhintf 
traeen of the two pUuten t-ro$M. In other tmr^in^ the raninhint/ point 
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^ tJu itOerteetion of two planes mutt lU at th* tnUriMtion qf ths 
vanithing traces of the two planes, 

22. The five axioms in the last pHragtaph are the statementB 
of purely imsginsiy conditions which appear to exist, bat in 
reality do not. Thus, parallel lines appear to conveige and to 
meet at a point at infinity, but in reality tliey are exactly the 
same distttnce apart throughout their length. Parallel planes 
appear to converge as they recede, but this is a purely apparent 
condition, and not a reality ; the real distance between the planes 
does not change. 

28. The perspective projection represents by real conditions 
Hba purely imaginary conditions that appear to exist in space. 




Tl(. Q. DiBirBin Showing 

Thus, the apparent convei^ence of lines in spare is represented 
by a rejil converyeiice in tlio persimctive [jrojection. Agiiin, the 
vaninliing point of u wysttjin of lines is ii piii-ely imaginary point 
which does not exist. lint this imaginary point is represented in 
perspective projection liy a real point on the picture plane. 

From § 14, the vanishing p<iint of any system of lines lies 
upon the visual element of that system. This visual element 
may be considered to be the visnal ray which projects the vanish- 
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iii^ \Hnni 1o tlic nliMTvrrV vyv. IIimu*!*, fn»iii § 7, tlu* iiitiTseriimi ni 
tiiiM viHual cltMiiriit with tlu* pictun* i>):iiit* will In* tlit* iK*r8i)tM*tivt* 
fif tlie vanishing iNiiiit (»f tlit* system to which it U*loii|^ This 
iri ilhititniUMl ill Fi^. ti. llu* olij<*rt in Hi«ire is shown on tlu* 
ri^ht of tlu* ti^uiv. If tlu> ohs4*rv(*r wishes t(» tiiid tlu* vanishing/ 
iNiiiit of tlu* olili(]iu* liiu* /f/« ill tlu* ohjt*i*t in siuu't*, lu* iniaisfines a 
lint* imralh*! to rf/> t«i enter his eye, iiiul ItNiks alon^ this line (§ 13)). 
When* this Him* alnii^^ whirli lie is l(H>kinjL; i>ien*eft tlie ]>ietnre 
plane, will In* the jn'i-siu'etive of the vanishing; jMiinL Fnrtlier- 
iiion*, tlie |M*i's|NM'ti\e of the lint* af* has U*en found hy drawiii{( 
the visual rays from a aiul h n*s|N*rtive|y, and tindin)^ when* these 
niys |»ien*«* the pietiin* plane (§ 7^. These points are n*s|K»ctivel>\ 
fi*" and ^^ and the straight line dniwn lN»tween /I'nnd A' is the 
|M»i-s|iiM'live ni the line *iA. 'VUv |ii'rs|KM'ti v«' of the line #i|/#| whieh 
is pirallel to /f/', hiis lieeii found in a siiiiilar way, and it will lie 
iHitit'(*d that its |N'rs|K'(live piojf.ii m < 'J* /•[') acttally einivei^»s 
towanis ff'V'*' in sneh a manner that if theM* two lines an? pnt- 
«lueed they will artuallv meet at the jMTs|M»etive of the vanish- 
in;^ I»oint (»f their system. 

N«»TK. — It in t'ri*ltnf thttt thf pt-rnpn'tfrf nf ti ntntitfht littf wiH 
ahraiitf /»#■ a ntnn't/ht liHt\ th*- » jtrt'ttn' pi»Siitn »*/* ir/n'rh <irf* t/tf p§*fmptt'- 
fivf'M ft' th»' fj'tri-mitit'M of thf uinn finr, 

• • • ' 

X4. Thus, the five axioms of perspective may be applied 
to Perspective Projection as follows : — 

((f) Parallel lines do eonvt*n;«* and meet at the vanishin)^ 
)N»int <»f thi'ir system. 

(/') Parallel planes d«» eonveiye aiiil meet at the vanishin;^ 
tniee of their svsteiii. 

(#•) The vanishiii;^ point nf any line lyin;^ in a plane will Iw 
f<»nnd in the vanishin*^ trai-t* of tin* pliiit*. 

Thtnt'nri\ th» rtininhhi;; p^intK ft' till hnr!z»»nttil //#!#•* trill hr 
t'numl in th'- h'»rii*»tt ( § •<> ). 

(i/) The vanishim^ Inirr of any plain* will In* th*tennin<*<l hy 
the vanishing; |M»ints of any t\%ti lines that lie in it^ and miiHt eon- 
tain the vanishiti;^ iNiinti« of all lines that lie in it. 

{r) The vanishing; point of the intenM*etioii of two planes will 
U* found at theinters4*etionsof the vanishing tniees of the two |i|ane«( 
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To the five axioms of perspective projection already stated 
may be added the following three truths concerning the construc- 
tion of the perspective projection : — • 

(/) The perspective of any point in space is where the 
visual ray through the point pierces that picture plane (§ 7). 

(jj) The perspective of the vanishing point of any system of 
lines is where the visual element of that system pierces the pic- 
ture plane. 

Rule far finding the perspective of the vanishing point of any 
system of lines : — Draw an element of the system through the ob- 
server's eye^ and find where it pierces the picture plane. 

(A) Any point, line, or surface which lies in the pictui'e 
plane will be its own perspective, and show in its true size and 
shape. 

25. Knowing how to find the perspective of any point, and 
how to find the vanishing point of any system of lines, any prob- 
lem in perspective may be solved. Therefore, it may be said 
that the whole process of making a perspective projection reduces 
itself to tlie problem of finding where a line pierces a plane. 

Before proceeding farther, the student should review the 
first twenty-five paragraphs by answering carefully the following 
questions : — 

(1) What does a perspective projection represent? 

(2) What is a visual ray ? 

(3) How is a perspective projection formed ? 

(4) How does a perspective projection differ from an ortho 
graphic projection ? 

(5) What is the plane called on which tlie perspective pro 
jection is made ? 

(6) What is meant by the term Station Point? 

(7) What is the most importiint jJienomenou of perspective 

(8) What is meant by a system of lines ? 

(9) What is meant by a system of planes ? 

(10) What is a visual element? 

(11) Define vanishing point. 

(12) Define vanishing trace. 

(13) Describe the position of the vanishing point of any sys 
tern of lines. 
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(14) (live ihr \\\v a\i«iiiis uf |«M>|H*i'li\r. 

(1*)) Do {Kinilh'l liiirs in sjnirr iisilly t-inivrp^r? 

(!♦») I>ii tlir iKTs|H'ctivc iirnjt»rliniis of parallel liiirs n^iilly 
roiivt'i'P*? 

(IT) Whom will llir |n'rsjMM*iivr iimjrrtinns of panillt*! liiifs 
luvvi ? 

[\S) I low is llif |MTS|H'<'livf i»f any jtoinl fniimr/ 

(It*) lliiw is tlit> |N>rs|N'(*tiv<* nf tin* \aiiisliin|^ ]Hiiiit nf Hiiy 
Nvst«*in nf lines fonnd? 

(•JO) Wliat will Im* iho iHTs|M'rtivr of a stniij^lit lino? 

(•Jl) What is meant hy the h<»ri/.on? 

(2.; What is meant iiy the piano of tin' liori/.on ? 

THH PI-ANES or l>R()JI:CTION. 

-«». Two planes of projeetitin at ri;^lit anj^los to ono an^ithor, 
one xritieiil and the fither Inni/ontal. an* us«m1 in niakin«^ a |mt- 
hj»octi\o. In Ki^'. 7 ihe.so tw«» planes niv shown in ohIii|Uc pnv 





-**-*» - . - 



Vim 7. Ihacrnfii S)ki>«iiix TUin « >•( l*r<i}rni(m 



j^M-lion. Tlio veitioal piano is tho piotun* piano (§ nn<I Fi^. 7) 
on \%hieh tho |H*i>|iiM-ti\o proje(*ti«in is niaih*. ami eorn'sponds 
oxm'tly to tho vorti(*nl piano, or vertioul o<MinUnatt* iisod )% f»rtlu>- 
l^mphic projectiuiiH. 
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27. The horizontal plane, or plane of the horizon (§ 20 and 
Fig. 7), always passes through the assumed position of the observer's 
eye^ and corresponds exactly to the horizontal plane or horizontal 
coordinate used in orthographic projections. 

28. All points, lines, surfaces, or solids in space, the per- 
spective projections of which are to be found, are represented by 
their orthographic projections on these two planes, and their per- 
spectives are determined from these projections. 

29. Besides these two principal planes of projection, a third 
plane is used to represent the plane on which the object is sup- 
posed to rest (Fig. 7). This third plane is horizontal, and is 
called the plane of the ground. Its relation to the plane of the 
horizon determines the nature of the perspective projection. To 
illustrate : The observer's eye must always be in the plane of the 
horizon (§ 27), while the object, the perspective of which is to be 
made, is usually supposed to rest upon the plane of the ground. 
In most cases the plane of the ground will also be the plane on 
which the observer is supposed to stand, but this will not always 
be true. The observer may be standing at a much higher level 
than the plane on which the object rests, or he may be standing 
below that plane. It is evident, therefore, that if the plane of 
the ground is chosen far below the plane of the horizon, the 
observer's eye will be far above the object, and tlie resulting per- 
spective projection will be a " bird's-eye view." If, on the other 
hand, the plane of the ground is chosen above the plane of tlie 
horizon, the observer's eye will be below the object, and the re- 
sulting perspective projection will show tlie object as though 
being viewed from below. This has Sometimes been called a 
" worm*s-eye view," or a " toad's-eye view." 

Usually the plane of the ground is chosen so that tiie dis- 
tance between it and the plane of the horizon is about equal (at 
the scale of the drawing) to the height of a man. This is the posi- 
tion indicated in Fig. 7, and the resulting perspective will show 
the object as though seen by a man standing on the plane on 
which the object rests. 

30. The intersection of the picture plane and the plane of the 
horizon corresponds to the ground line used in the study of pro- 
jections, in Mechanical Drawing. For more advanced work, how* 
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ever, thero is stuno ohjectioii to tliis U»rin. The intersootioii of 
the two coonliiiaU' phiiu'S luus n^ally no coniiectiiui with the 
^roiiiu], and if the term *• ground line" is used, it is 1411 to ii'sult 
in a confusion U;tween the inUTsection «»f tiie two iMH»nlinate 
planrs, and tlie intrrseetion of tiie auxiliary plane of tlie ground^ 
with the piftun* |»lane. 

in. Thr int«'i'M'rti<»n of tin* two (-(lonlinate planes is usually 
lettered VII on tlie piitun* plant*, and II PP on thf plane of tin* 
lniri/j»n. (Sit V\\^, 7.) That i> to .sa\ : Wlit-n tin* \ertiral plane 
is U'inj^ tt»n.sidnrd, \ II ripit'stni.s lln* ii»l«-i>tHtion of that plane 
witii the phme ot the horizon. It should alftu bo considered as 
the vtrti^nl ftrojertion of thf phtne cf the horizon, St*e Meclnmi- 
ca! I)ra^Tnf» Part III, parn^rapli in italics. All points, lines, or 
surfaces lyinjj in the plane of the horizon will have their vertital 
proj^Hion in VII. 

8-. On tin* otht-r hanil, when tlu* Imrizontiil plane is being 
ronsidfiiMJ, IIPP n*pn'srnts tlu' intri'srction of the two planes, 
and also ihf hnriz*mtit1 prnjt rtinn nf (It,' j>lrfurf pltiiif. All [M>ints, 
linrs, tir surfaces in ihf pirtun* plant* will have tlu'ir horiiontttl 
proit-rfinnii in IIPP. Thns, inst<*a<I of consiilrrini^ tlie inter- 
section of thf two ctHinlinate planes a sin^de line, it should lie 
consiJenMl llu» eoineidenee of two lines, i.e. : First, the vertical 
pn»jeetion of the plane of the hoiiztiii; second, the horizontid 
pn»jcction of the pictnn* |»lane. 

*V,\. The plane *»f the j^'^round is always repn'Sc»nt4Hl by 
its intersei*ti«»n with the pictun* plane (sc«» VII^ Fig. 7). Its 
i»nly US4» is (<» deierniine the nlation U'tween the plane of 
the hori/on and the plane on which tin* ohjiMl n»sts (§'J1^). 
The true ilist.ince 1k*1\\ cm these tuo plants is always shown 
by the ilistance U'tween \'ll ami VIl^ as drawn on the pictun» 
phuit*. 

34. To find the perspective of a point determined by its 
vertical and horizontal projections. 

Fii:. *^ is an obliipH' piMJrcti<»n showiu'^ the two ciM»nIinate 
plaiH's at rii^ht aiiu'lcs t«» ca< h nther. The assumed |K»>ition of 
the plane of the ground is iitdicuted by its vertical trace 
(Vll.). 
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Note. — The vertical trace of any plane is the intersection of 
that plane with tiie vertical coordinate. The Jiorizontal trace of 
any plane is the intersection of that plane with the horizontal 
coordinate. 

The assumed position of the station point is indicated by its 
two projectionsy SP^ and SP". Since the station point lies in 
the plane of the horizon (§ 27), it is evident that its true position 
must coincide with SP^, and that (§ 31) its vertical projection 
must be found in V H, as indicated in the figure. Let the point a 
represent any point in space. The perspective of the point a will 
be at a^j where a visual ray through the point a pierces tiie pic- 
ture plane (§ 24). We may find a^ in the following manner, by 
using the orthographic projections of the point a^, instead of the 
point itself, a^ represents the horizontal projection, and a^ repre- 
sents UtiQ vertical projection of the point a. A line drawn from 
the vertical prcjectiofi of the point a to the vertical projection of 
the station point, will represent the vertical projection of the visual 
rajff which passes through the point a. In Fig. 8 this vertical 
projection is represented by the line drawn on the picture plane 
from d^ to SP\ 

A line drawn from the horizontal projection of a to the hori- 
zontal projection of the station point will represent the horizontal 
projection of the visual ray^ which passes through the point a. In 
Fig. 8, tliis horizontal projection is represented by the line drawn 
on the plane of tlie horizon from a^ to SP". Thus we have, 
drawn upon the planes of projection, the vertical and horizontal 
projections of the point a, and the vertical and hoiizontjil projec- 
tions of the visual ray passing between the point a and the station 
point. 

35. We must now find the intersection of the visual ray 
wdth the picture plane. This intersection will be a point in the 
picture plane. It is evident that its vertical projection must coin- 
cide with the intersection itself, and that its horizontal projection 
must be in HPP (§ 32). But this intersection must also be on 
the visual ray through tlie point a, and consequently the horizon- 
tal projection of this intersection must be on the horizontal pro- 
jection of the visual ray. Therefore, the horizontal projection of 
this intersection must be the point wi", where the line between 
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Fig. 8. Diagram Showing Difficulties of Working on Planes at Right Angles 




Fig. 9. Diagram Showing Piano of Horixon and Picture Plane Superposed 




fig. 9a. Diagram Corresponding to Plf . 9 but with Plane of Horixon and Hcture Plane 

Pulled Aparta^ Fadhtate Examination of Sketches 
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SP'* and a^ crosses HPP. The vertical projection of this inter- 
section must be vertically in line with this point, and on the line 
drawn between SP^ and a\ and hence at w^. Since the vertical 
projection of the intersection coincides with the intersection 
itself, a^ (coincident with w^) must be the perspective of the 
point a. 

36. This is the method of finding the perspective of any 
point, having given the vertical and horizontal projections of 
the point and of the stjition point. The method may be stated 
briefly as follows : — 

Draw through the horizontal projection of tlie point and the 
horizontal projection of the sUition point, a line representing tlie 
horizontal projection of the visual r^xy^ which passes through 
the point. Through the intersection of this line with HPP, draw 
a vertical line. The perspective of the point will be found where 
this vertical line crosses the vertical projection of tlie visual ray, 
drawn through SP^ and a\ 

37. It would evidently be inconvenient to work upon two 
planes at right angles to one another, as shown in Fig. 8. To 
avoid this, and to make it possible to work upon a plane sur- 
face, the picture plane (or vertical coordinate) is supposed to 
be revolved about its intersection with the plane of the horizon, 
until the two coincide and form one surface. Tlie direction of 
this revolution is indicated by the arrows s, and .^f . After revo- 
lution, the two coordinate planes will coincide, and the vertical 
and horizontal projections overla[) one another, as indicated in 

It will be noticed that the coincidence of the two 2)lanes in 
no way interferes with the method given in § J^G, of finding the 
perspective (a^*) of the 2)oint a, from the vertical and horizcjntal 
projections of the point. Thus, the horizontal j)rojection of the 
visual my through the point will be seen, drawn from SP" to a" 
and intersecting IIPP in the point m^^. The vertical projection 
of the visual ray through the ])oint will be seen j)assing from 
SP^' to a\ And a}' is found upon the verti(;al projection of the 
visnal ray, directly under ?//". 

It will readily be understood that in a complicated problem, 
the overlapping of the vertical and horizontal projections might 
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roBult in some confusion. It is, therefore, nsnally cuBioniary, 
after having revolved the two coordinate planes into the (position 
Hhown ill Fi^. 9, to slide tlieui apart in a diriHrtioii ptrpendieular 
to tht'ir line (>/ tnfrr$ection^ until the two planes (K'eupy a {)08itiou 
niniilar to that shown in Fi^. 9a. 

38. It will 1x3 renieinl>ered fnnn the e<)ui>*e <»n pn»jections 
whii'li the stutlent is siipposeil t«» li ive taktMi, that htrizontal pro- 
jrrtionM iftiutt altdii/s he coinpartd tvlth htrizontnl^ and never with 
vertlrtil pr'tje»'tlonii^ and that in tlio s iine way, vfr^ieal projertiomt 
munt (ihcttift he. eotnfhtred with vrrtietil^ and twrer with horizontal 
prnJretionM, It is evident that in slidini^ the planes apart, the 
ndations iM'iwet'n the projeeli(»ns on the verlioal plane will not be 
disturU'd, nor will the relations U'twern the pi-ojections on the 
horizoiiUd plane, ami eonsequmtly it will make no difference 
how far apart the two eoonlinat** planes an» dniwn, proviiled that 
h<»rizi»ntid an<l verti<'al projettit»ns (»f tin? same j>ointi* are always 
kt'pt in line. 'I'Ims, in Fiif. l»a, it will U* srvn that in drawing 
the plant's apart, <i^ has Ummi kept in line with 'f", m^' witli wj", 
^V^' with SI*", rtr. 

'M. It will Ut tiUs*»rved that in slidinj^ the planes a|mrt, their 
line (»f int4'rs<Mlion has U*en separated int4» its two projeetions 
(§§ III an<I '\'2), IIIM*, Umml^ on the plane «»f the horizon <»r hori- 
zniiUil ciMiniinat*', is the h'triz"ntfil pntjertion of' the intenn-rtitm of 
tlie two plam-s, while VII, In'in^ o\\ the pirtniv plane or vertical 
i'«Minlimit«', is the vtrtirtil prnjcrtinn nf the intrrneetinn i>f the two 
plaiirs. In tin* orij^inal jM»sition of the planes ( Fi^. 9) these 
two pn»j<Mtit»ns wen* iMiimidmt. The distance In'tween IIPl* 
and VH always n*pnsent> th«* tlistant-e tiimn^h whi<h the planes 
have In'en sli<l. This ijistanrr is immat4TiaU and will have no 
t'^t'ct on the jM'i-speitisf ilrawin^'. Vllj n'pn»sents the vertical 
tnice of th«* plane nf the ^M«»mid. 

In this li^nn*, as in the tasi' nf Fi^'. 9, the stndent shoidd 
follow thrnni^di the con.stiiHtion of the |n'rsjMM'tive of the |K»int *i, 
applyiiii^ the method of j^ \\\\. 

40. Fiu^ 10 shows the position «»f the two coonlinate planes 
and of tin* pi. me of tht? j^nmnd, as they are nsnally re|»resented 
on tlie drawini; Inianl in makin;^' a |H»rs|ieetive <lrawinJ^^ It is 
eiisentially the same thing as Fig. 911, except ttiat the Utter wan 
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shown in oblique projection in order that its development from 
the original position of the planes (Fig. 8) might be followed 
more readily. The two coordinate planes are supposed to lie in 
the plane of the paper. 

HPP represents the horizontal projection of the picture 
plane, and VH represents the vertical projection of the plane of 
tiie horizon. 

As liorizontal projections are never compared with vertical 
projections (§ 38), HPP may be drawn as far from, or as near, 
VH as desired, without in any 
way affecting the resulting per- 
spective drawing. HPP and VH 
were coincident in Fig. 9, and the 
distance between them in Fig. 10 
simply shows the distance that the 
two planes have been slid apart, as 
illustrated in Fig. 9a. As already 
stated, this distance is immaterial, 
and may be made whatever is most 
convenient, according to the nature 
of the problem. 

If HPP should be placed 
nearer the top of the sheet, a" and 
SP^, both being horizontiil pi-ojec- 
tions, would follow it, the relation 
between these horizontal projec- 
tions always being preserved. 

On the other hand, SP^, a^\ «^, VH, and VHi, all being pro- 
jections on the vertical plane, must preserve their relation witli 
one another, and will in no way be affected if the group of 
projections on the horizontal coordinate is moved nearer or 
farther away. It must be borne in mind, however, that, in all 
cases, the vertical and horizontixl projections of corresponding 
points must be kept vertically in Ime. Thus, a" must always be 
vertically in line with a^. The vertical distance between these 
two projections does not matter, provided the distance from 
a^ to HPP, or the distance from a^ to VH, is not changed. This 
point cannot be too strongly emphasized. 




Fig. 10. Simple Sketch Showing Po»i- 
tion of Figures in Standard Pro- 
jection Drawing 
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41. SiipiMiso it is (Irsired to (U*ti*riiiiiio fnHn Fig. 10 how 
far tlu* sUitioii {loiiK lies in front of the pit-tun^ phmt*. This in a 
horizontiil dist^inct* jiml then*foiv will 1h' shown hv the distunce 
U'twiH'U th(* hori/onUil projection of thi* stiition |Miint un«I tlie 
horizontal j>rojtH'tit»n of the pii'tniv phiins or, in other w«»nls, hy 
the (listanre lM»twern SP" and HP P. 

4-. The jH»inl <i is u cert.iin distante alM»ve or lH»h>w the 
plane of the h<iri/.on. Tliis is a vtrflr,il iltnttinrt^ and will U» 
sliown hy tiie distance U'tween tin* vrrtirid jtntjtrt'nm of the jM»int 
a an«l the rrrft'iil f>n>ftrfinn of tin* |>lane of the horizon; in oilier 
Wonls, hv the distanee lietween n^ and \'ll. It will l>e seen that 
in Vii^. 10 the p«»int <i lies Ih'Ihw tiie plane of the horizon. 

4->. If it Ik* desii-eil to tiial ln»w far in front or Udiiiid the 
picture plane the jniint a lies, this is a Imriz'tnttd Jinf<in'*f^ and 
will Ih» sh«»\\n hy the distance U'twecn ij»e h'triz<mtal prnjertion of 
the pictnre plane and h'trizond^l ffrnjtt'fi'fn of the point <i, that is, 
hy the disiani-e iMtween IIPP ami <j". In Ki^. 10 the point <i 
lies Udiinil the picture plane. 

41. The distance U-tween the plane of the ground and tlie 
plant* of tiie hori/.ou is a \«'rti(*al distincM*, and will Ih^ hIuiwu hy 
the distance iM'twcen the vi*rtical pn»j«*ction <if the plane of the 
li«*ri/.4in and the \ertical pn»jectionof the plane of the ground ; i.e.^ 
tlie distanci* iH-lueen \' 11 and VII,. The distance ln'tween the 
ol»>rr\cr*s «'\e and tin* plane <»f the ground is also a vertical din- 
taiice, and will l>e .shown hy the tlistance U*tween SP^ and VII|; 
hut as SP^' inust alw.ivs 1h» f«»un<l in \'II, the distiince t»f tlie 
ol>ser\er*s e\e alnive th«» plane i»f the gronnd will alwavH U» shown 
hy the disianci* Im-iwccu \'II ami VIIj. 

4o. T«) find the pers]iecti\«» of the j»oint ti^ Fig. 10, draw tlie 
visual ray through the point, jind lind when' this visual ray pien*es 
the pi<tuii» plane (§-lf*). The horiz<»nt4il pn»jection of the 
\ isinil my is .shown hy the line U" dniwn through the h«)rizontal 
proj«»clion ^P" i»f the olnerver's eye and the h<»riz<»ntal pro- 
jection <i" <»f tin* |M»int <i. The verticjil pn»jection of tlie visual 
ray is showfi l»y the line W dniwn tlinuigh tlu* vertical projec- 
tion SP^ iif the oliserver'n eye and Uie vertical pn>jeetit»n <i^' 
of tha jMiint «i. This Nisual my pieri'es tht» pictun* plane at 
the )»uii)t a^ uu U^ vertically in line with tlie point uhere 
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R" crosses HP? (§§ 85 and 86). a^ is the perspective of the 
point a. 

Note. — To find where any line, represented by its horizon* 
tal and vertical projections, pierces the picture plane, is one of 
the most used and most important problems in perspective projec- 
tion. The point where any line pierces the picture plane will 
always be found on the vertical projection of the line, vertically 
above or below the point where the horizontal projection of the 
line crosses HPP (§§ 85 and 86). 

NOTATION. 

46. In order to avoid confusion between the vertical, hori- 
zontal, and perspective projections of the points and lines in the 
drawing, it becomes necessary to adopt some systematic method 
of lettering the different points and lilies. The following method 
will be found convenient, and has been adopted in these notes. 

If the student will letter each point or line as it is found, in 
accordance with this notation, he will be able to read his drawings 
at a glance, and any desired projection of a point or line may be 
recognized instantly. 

The picture plane (or vertical coordinate) is indicated by 
the capital letters PP. 

The plane of the horizan (or horizontal coordinate) is indi- 
cated by the capital letter H. 

A point in space is indicated by a small letter. 

The same small letter with an index \ ", or ^, indicates its 
vertical^ horizontal^ or perspective projection^ respectively. 

A line in space is indicated by a capital letter, usually one of 
the first letters in the alphabet. 

The same capital letter with an index ^, **, or ^, indicates its 
vertical^ horizontal^ or perspective projection, respectively. 

All lines which belong to the same system may be designated 
by the same letter, the different lines being distinguished by the 
subordinate i, 2^ a, etc., placed after the letter. 

The trace of a plane upon tJie picture plane is indicated by a 
capital letter (usually one of the last letters in the alphabet) with 
a capital V placed before it. 
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The 8Hiue letter prt^ceiled l»y a capiUil II tudicateg the trare 
of the plane upon the horUontnl cintrd'nutte. 

The perspective of the vani»hiinf trace of a ttystem of planet in 
indicated by a rapital lotltT preceded hy a rapital T. 

The perspective of the vanish in*/ point of a system of lines ift 
indicated hy a small v wiili an index corn*s|K)nding to the letter 
of the lines which l)elong t4» the 8yst4Mn. 

PP = vertical ci^onlinatc, or jiictnre plane. 

111*1*= horizontal trace of the vertical coonlinate, or picture 
plane. 

II =horiz(»nUd coonlinale, or plane of the horizon. 

VII = vertical tniee of Uie horizontid eoordinate, or plan© of 
tlie horizon. 

lli = plane of the ground. 

VH, = vertical trace of the plane of tlie ground. 

a = jMiint in space. 

ti^* ;::= vertical projection of the point, 

fi" = horiz<)nt4il projection of the p«»int 

<i** = |K»rHi>ective projectitm of the {>oint, 

A saline in 8|)ace. 

A^^ vertical projection (»f the line. 

A**-: perspective projection of tlie line. 

VS^ trace t»f tlie plane S njM»n PP (vertical trace). 

IIS_^lnue nf the plane S upon H (horizontal trace). 

TS _ jH*rs|KMtive «if the vanishing tnice of the plane S. (See 
Note 1 U'luNv.) 

r^ -_ |n*rs|K*cli\t' of the vanishing point <)f a syst«'ni of lines, 
the element/* »»f which are U'ttenMl A,, A^, A,, A^, eti*. (See Nc»te 
i lieh»w.) 

Ni»TK 1. — A plane in space may also Ih» designated l»y the 
h*tt«»rs <if any two lines which lie in it. Thus, the plane AH 
woulil U* a plane ueU*rmiiH'd ]»y tlu* two lines A and H. TAB 
Would indicate* tlie jM*rspective of the vanishing tnice of the plane. 

NoTK -. — A straight line may U* designated hy the letters 
of any two |mints which lie in it. Tims, the line ah would lie a 
stniiglit line d<*termined hy the tw«» points a and h. v*^ would indi- 
cate? the jK»rs|M'ctive of the vanishing point of the line. It is siune- 
times convenient to use tliis notati(»n in place (»f the general one. 
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BLBMBNTARY PROBLEMS. 

47. PROBLEM I. Fig. 11. To find the perspecUve of a 
point. Tlie point to be situated \" behind the picture plane* and 
\" ai>ove the plane of the horizon. The observer's ^e to be }/' in 
front of the picture plane. 

First assume HPP and VH (§ 40). These lines may be drawn 
anywhere on the paper, HPP usually being placed some distance 
above VH, in order to avoid confusion between horizontal and 
vertical projections. The position of the point with respect to the 
coordinate planes must now be established by means of its verti- 
cal and horizontal projections, a^ located J'' above VH will rep- 
resent the vertical projection of the point. Its horizontal 
projection must be verticaUy in line with a^; and since the point 
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Tig. 11. Diasram for Finding Penpoctive 
of a Point 




Fij?. 1 2. Projection of a Point. 
Ix>cation DifTcrcnt from Fig. 11 



is to be i" behind the picture plane, its horizonUil projection must 
be i" behind the horizontal projection of tlie picture plane, Le., 
i" behind HPP. Next establish the position of the observer's eye, 
or station point. Its vertical projection (SP^) may be assumed 
anywhere in VH. Its horizontal projection (SP") must be verti- 
cally in line with SP^ and i" in front of HPP. The perspective 
of the point a will be where the visual ray tli rough the point 
pierces the picture plane. A line R" drawn through SP" and 
a" will be the horizontal projection of this visual ray. Its verti- 
cal projection will be the line R^ drawn through SP^ and a^\ 
The perspective a^ of the point will be found on R^ vertically 
in line with the intersection of R" and HPP (§ 45, note). Com- 
pare with the construction shown in Fig. 10 and Fig 8. 
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48. Fi;^s. 1*J. lo, 2111(1 14 illiistnite this siime problem. 

In V'l)^, I'J, tiif |Kiiiit rf, as siiowii liy iui vertirul anil horizon- 
tal projtM-tiniis, is sitimUHl |" hrhttr the phme of tlie horizon and 
]" fn'hhttt thf pirtiin* plane. «9^ is the j^ersjwctive of the iM>int. 
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l^M-atiiiii I >tlfi n lit fnnti Kic 1 1 



Tic II. riMji^rfton nf A riitnt. Li>e»tioD 
Ihffrn'itt (n>iu Fig. 11 



In Ki;^. 1^5, the jM)int <i is J" ahnv*- thr plane of the horizon 
anil J" in frnitt t»f lln» pirtun* plane. *i'' is its jKTS|»eetive. 

Ill Kij^. 1 K th»* point #1 is \" Ltrnv the plane of the horizon 
and I'' */* frnnt of the pirtniv plane. <i'' is its jiersjwetive. 

41). PROHLK.M II. Ki^r. i:>. To find the perspectiv0 of 
a line, the line beinic determined by its vertical and horizontal 
projections. 

Let IIPP and VI! U* ^ivcn as indiratiMl in the figure. I^t 
A" ifpn-Hi-nt tilt' horizontal proj«*riioii of the lini% it** two ex- 
tnMiiiiit's IhIip^' irpn-i«*iit«-«| li\ *i" and A", rf.sjKMtively. Similarlyv 

let A^ U» the viTtical projec- 
tion of tlie Une, *i^ and V^ 
U'in^ the v«Ttii*al projeetionH 
of its rxtn*initi«*s. I^et tlie 
position of the olifMTver'a eye 
U* as indieattnl hy SP^ and 
SP". 

Tlie |K»r»i)eetive of tlie 
jNiint 'I has lieen found hy 
Prolilein I. at a^. Tlie i«r- 
s|»#Ttivt» of th«' point '• has ln»i»n found hy Pn»hlem I. at h^. Tlie 
liiif ( A*'), joining «i*' and /i*\ will \vc the iier»i)ecti%'e of tlie given 
line. (See nt>te untler $ 28.) 
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60. PROBLEM IIL Pig. IS. Havlnx clven the vertical 
and horizcmtal projection of any line, to find the perspective of 
its vanishing point. 

Let the line be gi^en by its vurdoal and horizontal projeotiona 
(A^ and A°), as indicated in the figure. SP^ and SP° represent 
the position oi the observei^s eye. To find the perspective of the 





Fig. 16. Diasnun for LooaUng Per- 
■peotive of Vauiahing Point 
of a Line 
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FSg. 17. Diagram Similar to Fig. 

16 ShowinjE Proieotaona of a 

Horuontal Line 



HPP 
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vanishing point of any line, draw through the observer's eve an 
element of the system to which the line belongs, and find where this 
element pierces the picture plane (§ 24 g). Through SP^ draw 
Aj" parallel to AH, and through SP^ draw A,^ parallel to A^. 
Aj^ and K.^ represent the two projections of a line passing through 
the observer's eye and parallel to A^A^ 
This line pierces the picture plane at ?;*, 
giving the perspective of the required vanish- 
ing point (§ 45, note). The perspectives of 
all lines parallel to A^A^ will meet at v*". 

Figs. 17 and 18 illustrate this same 
problem. 

61. In Fig. 17, the line, as shown by its 
two projections, is a horizontal one ; hence, 
Aj drawn through SP^ Coincides with VH, 
and the vanishing point for the system of the lines must be found 
on VH at v^, as indicated (§ 24 tf). 

Note. — Systems of lines which vanish upward will have 
their vanishing points above VH. Systems of lines which vanish 
downward will have their vanishing points below VH (§ 16>. 
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Problem Similar 

to Fig. 16 
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52. In Fig. 18, the given line is perpendicular to the picture 
plane; hence, A^^ niui$t be a point coincident with SP^; and aa 
r^ will always I)e found on Ai\ the vaniHhing point of the line 
must coincide with Sl*^, 

Note. — In a [)er8ix>ctive drawing, the vanishing point for 
a system of lines i)er{)endicuhir to tlie picture plane will always 
coincide with tlie vertical projection of the observer's eye. 



METHOD OF THE REVOLVED PLAN. 

53. PROBLEM IV. Fig. 19. To find the penpectlve of 
a rectangular block restins: upon a horizontal plane V below the 
level of the eye, and turned so that the long side of the block 
makes an angle of 3o° with the picture plane. 

The hhK'k iH 8)u>wn in plan and elevation at the left of the 
fipirt*. The fii-st hiep will Ik; to make an auxiliary horizontal pn> 
jection of tliu hlcnk on Uie plane of the horizon, showing the exact 
{MKHition of the block lus it is to Ik) seen in tlie perspective pn)jeo> 
:ion. This auxiliary horizontal projection is really a revolved 
plan of the oigrct, anil is callea a Dias^ram. It is the general 
rule, in making a i)er8[)ectivo projection, to place the object behind 
the picture plane witli one of its princi|ml vertical lines lying in 
llie pitturo plane (24 /i). II PP is usually drawn near tlie upper 
e«l^i» of the pa|K*r, leaving just room enough behind to place the 
auxiliary plan or diagram. In tlie figure tlie diagram is shows 
in the reipiiriMl jx»sition, i.e., with one of its long sides (ahff) 
making an nn^lo of l\0^ witli the picture plane. The vertical e<ige 
(<!<•) c»f the l»l«K'k l.H supposed to lie in tlio picture plane. VH 
may now M <lrawn jKirallel to HPI^ at any convenient distance* 
fnuu it, fiH iiidi<at4Ml. Vllp the vertical tnice of Uie plane on 
whieh the lil(H*k lA 8up{H>8ed to rest, should lie assumed in accord- 
ance with the given datii, i.e., 1" lielow VII (§44). 

ThejMisition of the olwiTver's eye rIiouUI next be establiHhed. 
SP" is iXA horizontal pn»jection, and »hows by its distance from 
ni'P the distance in front of the picture pUne at which the ob- 
fier>'er \n HtipjM>Med to stand. SP^ in it« vertical projection, and must 
always \te found in VII. In tliis problem the station point is 1^^ 
in (xoDi of the picture plane. 
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JfoTK.-^A8 a geiicnil rule, it is wrll tn assuint* the stiitiufi 
I><>int oil li viTtit-al liiif half way U'twrrii two lines (Irnp|HMl fn)iii 
the extreme etli^rs <»f the <lia^niin, as iiKlirated. This is not 
neeessarv, \mU as will Im* explaiiieil later, il usually insures a 
nmn? {»Ieasin*^ jiersjK'rtivt* j»ii»j«M'th»ii. 

Next lind the vani>hin]Lr ii*»int.s for tin* (Iiflen*nt systiMus of 
Iini»s in the «»hj«'it (§ 1-^. 'I'iiere are tlm'i* systems of lines in the 
hhn'k, forme«l l»y its thre*' sets of jKinillrl tMl^r^.s. 

l.st. A sv«»teiii formeil l»y ih«» four hori/ontal e«l;^*rt vanishing 
\n the ri^ht : •#'', #/*, f/»% an<l ky, 

lltl. A s\.stem fi»rm«'il hy the f«iur ln»ri/ontal e«lges vanishing 
t«»wanls tin* left: «i«/, «'^% /•«% an<l,^}/. 

M. A system forme<l hy tln^ four vortii-al e«lj^s. 

First tin<l tin* vanishim^ [Miiut for tht* systiMU {Kirallel to ah 
hy drawing throui^li tlu* station point a lint* jKiniUel to <f/i and 
timlin*^ when» it pifn-es the pietun* phuie ('Jt //). A" dmwn 
tlirou'^ii SP" is the hoii/onUd pngeetion of sm.h a line. Its ver- 
tieal projtMtitui (A^ ), drawn througii SP^\ will eoineide with VII, 
and its vanishing point will U' fi»und on VII at e*** (§•*»!)• *^" 
lines in tlie jwrspiHtive of the ohj«'4*t that are parallel to #i/# will 
meet at r*** (§ *JI <')• '^^ *^ similar manner find (***', whieh will 
In* the vaiii>liini^ point f<»r all lines jKintUel to tvl, 

•*»t. If the metlxNl for tintlin;^^ any vanishin^^ {Nunt is applietl 
to the hvstcm of xi'itit-al lines, it will U* found that this vanishing 
imint will lie \«'itieallv «>ver SP^ at intinitv. 'Hiat in to say, 
since all M-rtii*al liiits an' panilltd to the pirtun* plane, if a ver- 
liral liuf is ijrawn thmn'^'li the station jwiint, it will never pien** 
till' pirtuii* plaiir. 'rh«*i"»*f«»I-e <- 1 ;/ ), tin* I>ersj«*etive of the Vaii- 
ishin<^ point of a \ritic.d line t aniiot in* fouml within any linitt^ 
limits, hut uill in* r# r/ii'-i/Zi/ «'i"f r S/*\ tuhl at an itifiHifr tiintiimv 
Jr'un it. In a |M-i-sjnM'tiv«* projtMtion afl vtrtiral luttn are drawn 

artualfu rt r(it*af^ and wtt <*»'W»vr»//;i»/ tutranin one another, 

• • • 

NoTK. — This is true of all lines in an ol>j<H't whieh are 
jniralltl to the yietnre ylan*-. Thus, the pern^h-rtire of any line 
trhieh i* yaraUr! to the picture j'lant\ will art nail 1/ he parallel ta th^ 
line %t»rlf ; an«I the jurnpetiiven of the elements of a tiyutem of linen 
parallel to the picture plane^ trill /•#• drawn parallel /*», iiik/ not ftn* 
vr^/ini/ Uacardn^ one another. Tluit tliiil UiUAt bo 00, in evidflit. 
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since, if the perspectives of such a system of lines did converge 
towards one another, they would meet within finite limits. But 
it has just been found that tlie perspective of the vanishing jx)int 
of such a system is at infinity. The perspectives of the elements 
of any system can meet only at the pei-spective of their vanish- 
ing j)oint, and must, therefore, in a system parallel to the picture 
plane, be drawn j>arallel to one another. 

The directions of the perspectives of all lines in the object 
have now been determined, and will be as follows : 

All lines parallel to ab \vill meet at v^\ 
All lines parallel to ad will meet at v^\ 
All vertical lines will be drawn vertical. 

Since the point e is in the base of the object, it lies on the 
plane of the ground, and also, since the line ae lies in the picture 
plane, the point e must lie on the intersection of the plane of the 
ground with the pictui*e plane. Therefore, the point e must lie 
in VHj, and must be vertically under the point e in the diagram. 
Since the point e lies in the picture plane, it will be its own per- 
spective; and e^ will be found on VH^, vertically under e in the 
diagram, as shown in the figure. From e^ the perspective of the 
lower edges of the cube will vanish at v*^ and v^\ respectively, 
as indicated. 

/^ is tlie i)erspective of the point/, and will l>e found on the 
lower edge of the block, vertically under the intersection of UPP 
\vith the horizontal projection of the visual ray drawn throui:^li tlie 
point/ in (lie diji^^raiii. 

Similarly, k^' is found on the lower cdi^a^ of the block, verti- 
cally inidcr tlic iiiU'rsection (►f HIM* and the visual ray drawn 
througii the point k in the diai^naui. 

Vertical lines dniwn through/'*, 6'^', and k^\ will represent the 
I)erspectives of the visible vertical edges of the block. 

The edge e^\i^ being in the picture plane \\ill be its own j)er- 
spective, and show in its true size (§ 24 //). Therefore, a^' nn\y l)e 
estiiblished by making the distance t^'V* equal to c^ H^' as taken 
from the given elevation. From a^^ two of the upper horizontal 
edges of the block will vanish at y"^* and r'*'^ respectively, estal>- 
lishiug the points ^>'* and rF, by their intei-scetions with the veitieal 
edges drawn through f and/'*, resjK^ctively. Lines drawn through 
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i' and f , and vanishing n*sj)ertivrly at i^** and e***', will inlirstH't 
at f**, anil coniplftt* tin* jK»rsj»i*cliv«» of the hltn'k. 

IJefore goinjLf farthrr in tia* ni»t4*s, tlit* ntndiMit slionld solve 
tho problems <mi Plato I. 

LINKS or MEASURES. 

•Vi. Any lini* \\lii»li lirs in tin* i»i(t!ni* \Anuv will lie ib* own 
|H'rsjH»riiv*\ and hl»4»w llu* Inn* hn^Mh nf tlu* liiu* (24 h). Snch 
A lino is nxWnl w Line of Measures. 

In tlic Ijust prnliltMn, tlu» lino *!*•, In'in^ in tin* picturo plane, 
\v;is a line of nuMMin-s ; that is to say, its lt*n;^tli rould Ik3 laid off 
din'ttly fn»in tlu» ^ivm <lata, and from this liMi^th the lengths of 
Uie remaining lims in tht* jwixjuMtive <lni\\ingiMinhl lie est«ihlisluMl. 
Fig. -0 hhows a simihir pntiih-m. The line <!♦• lit*s in tho picture 
phiiie, and <i'V** is, thrn'fons a liin* «»f nu'asun*s fi»r tlie ohj«»et. 

."»♦>. lh\si«hs this priiK ipal lim* t»f nu'asnn\s, other lines of 
nu'a.Nun-s may rasily In't'siahlished hy t'\t«n<ling any vertical plane 
ill th«* ohjrtt nnlil it int«'i*s<M'ts the jiicturt* j»hint*. Tliis intersi»o- 
lion, since it lits in thi* j>ittnre phiiu', will hhi»w in its true size, 
antl will Ih' an auxiliao' line of measure.^. All p<iints in it will 
hIh»w at thfir trne ln'ight alnive the plane (»f the gnmnd. Thus, 
in KIlT. -'K «''»'* i*< the j»rin<*i|»jil line of mraNnn's, and shows the 
trui' heii^ht of tin' hhn k. If tlir Tear \ rrt leal fairs c»f the hhH'k 
are r\t4*n4led till tiny inti'i'sect tlu* pirtun* plan«% ihi'se intersee- 
ti«»ns (//i*'/i** and "'/'') \^ill 1h* auxiliary lini-s tif nifasun-s, and will 
id>o sh«»w thr truf lifi^^'ht of the l»l«Mk. It will iw» Iiotirrd in tin* 
tignr«» thai m'/i'* aiul ♦'**/'*' an* eai h njual to ii'i**. I'jth«r on<* of 
tlH*M» linrs 4onM h.i\f U «n n^rd t«» «litiiniiiie th«* \rrti« al lieight 
i»f till* j««i«»|««« I i\<' i*\ thf M«M k. l«»r iiln>tiali«»n, sujumim* it is dr- 
sin-d to rnnl till' In i'^'ht of tjir jmi^^jmm ii\r, n»»inv^ the liiir «/''y''* as 
thf lin»» of nitMsun^. A>NnMir tin* \ani»»i»ing point.s (»•*'* ami e*'*^ 
for tin* two s\**ti*ms of horizontal e«li:«s in the hhnk to liave In'en 
estahlishrd as4n tin* pn»\ i«»ns < a^.*. Now r\trinl the line /•«• (^in 
the diagram), whi«h n-pifH^iits thf horj/nntal projfrtion <»f the 
faee r/»^, till it int«!>«M ts UPl*. Kioni thi.^ inl«ix'etion drop a 
Vertical line <'y» wITnh will i«j»irs«nt the int«i>e« tit»n of the v«-rtieal 
fare e/y with the pit tnie planr, and will U* a lint* of nieasnn'S f«»r 
tlio fiiee. /;*', where tliis line <»f measures inlei"serts V llj, will Ins tlia 
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point where the lower horizontal edge (produced) of the face Af 
intersects the picture plane. Measure off the distance j^(^ equal 
to the true height of the block, as given by the elevation. Two 
lines drawn through (^ and ^ respectively, and vanishing at t;^, 
will represent the perspectives of the upper and lower edges of the 
face cJ/v produced. The perspective (6^), of the point 6, will be 
found on the perspective of the upper edge of the face c6f, verti* 
cally below the intersection of HPP with the horizontal projection 
of a visual ray drawn through the point h in the diagram. A ye> 
tical line through l^ wiU intersect the lower horizontal edge of the 
face df in the point /^. Lines drawn respectively through J? and 
/^, vanishing at t;•^ will establish the perspectives of the upper 
And lower horizontal edges of the face dbfe The points a^ and 
^ will be found vertically under the points a and e in the diagram. 
The remainder of the perspective projection may now easily be 
determined. 

57. The perspectives of any points on the faces of the block 
may be found by means of the diagram and one of the lines of 
measures. 

Let the points g^^ h^^ A\ and Z^, in the given elevation, de- 
termine a square on the face abfe of the block. Let the points 
ffy hy ky attd 7, represent the position of the square in the diagram. 
Extend the upper and lower horizontal edges of the square, as 
shown in elevation, until they intersect the vertical edge a^e^ 
in the points t^ and v^. To determine the perspective of the 
square, lay off on a^e^y which is a line of measures for the face 
ahfe^ the divisions t^ and v^ taken directly from the elevation. 
Two lines drawn through t^ and v^* respectively, vanishing at v***, 
will i^eprescnt the i)ei'spectives of the upj)er and lower edges (pro- 
duced) of the square. (/^^ will be found on the i)erspecUve of tlie 
upi>er edge, vertically under the intereection of HPP with the 
horizontal projection of a visual ray dmwn through the point ff in 
the diagram. The position of k^ may be established in a similar 
manner. Vertical lines drawn through ff^ and k^ i"espectively, 
will complete the perspective of the square. 

58. The auxiliary line of measures o^p^ might have been 
used instead of a^e^. In this case, o^p^ should be divided by tlie 
points v^ and y^, in the same way that ae^ in elevation, is divided 
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b; the points t and v. Through w^ and ^, draw bopzontal lines 
lying ia the plane c6/; for which o'p' ia a line of measures. These 
lines will vanish at v*', and intersect tiie vertioal edge l^f^ of the 
block.' From these intersections draw horizontal lines lying in 
the plane aiff, VKnishing at v*'', and representing the upper and 
lower edges of the square. The remainder of the sqnare may be 
determined as in the previous case. 

In a similar manner, the auxiliary Hue of measures v^n* 
might have been used to determine the upper and lower edges of 
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the square. Tliia uonstriictiim hiw Ih-'cu indivitled, and the student 
should follow it through. 

59. It soinetiines happens that no line in the object lies in 
the picture plane. In such a case there is no princiiml line of 
measures, and some vertical plane in the object must be extended 
until it iiitersecta the picture plane, forming by this intersection 
an auxiliary line of measures. Fig. 21 illustrates suc]i a case. A 
xectanfc'dar block, similar to tliose shown in Figs. 19 and 20, is 
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fiituated mmie distance iR^hiiul tlie picture {ihiiie, us indicated by 
the relative iM)8iti()n8 of 1114^ and the diagram. 

lU |>erHj)ective projection will «*vidently In? smaller than if 
the vertical e<Ige ae were in tlie ])ictuiv plane, as waa tlie C4i8e in 
Figs, ly and 20, and the pt^rsjiectivc of at* will evidently 1« 
shortiT Uian tlie true length of n*'. 'Hieiv is, therefore, no line in 
the ohject that can Ik) used for a line of mcasuix»s. It beccmiea 
n<H.'essarv to extiMid one of the vertical faces of the block until it 
intersects the picture plane, and shows by the intersection ita 
true vertical height. Thus, the plane ahfe has l)een extended, aa 
indicated in the diagram, until it inters^'cts the pi(*ture plane in 
tlie line iint. This intersection is an auxiliar>' line of nieaaures 
for the plane aA/V, and m^'n^' shows the true vertical height of tliis 
plane. 

Kither i»f the (»ther vertical faces of the bl<M*k, as well as tlie 
face abfe, might have Ikm'U cxteiidc<l until it ihtenu»cte<l the 
pictun» plane, ami fonned by this inters4M'ti<in a line of measun's 
^»r the bhK'k. 

'i'he vanishing jioints f(»r the varit)us systems of lines have 
Ihmmi ftiund as in the pn^vious casi»s. 

Fn»m 7/1^* an<l n^\ the horizcintal edges of the face ahfe vanish 
to c*\ «i** w ill Ik? found <»n the upjK»r od^^ti of this face, vertically 
U*low the iiitcrs*Htion of II PI* with tlie horizon UU pngection of 
the visual ray through the point a in the diagram. A vertical 
line through <i'' will n*pn'seiit the {>ersjK*ctive of the nean»st verti- 
cal e<lgt^ of the blcH-k, and will e.slablish the posititui of c'\ 

In a similar maiiiitT, /'*' will \h* found vcrtirallv I>eh»w tlie 
intei-sectiou of 1 1 PI* with the iHiriztnital i»rojtMti«ni of the visual 
i;iy thiough Uie jHiiiit /' ill the diagntm. A \ertiral line through 
/•'* will establish ^f*'*, an*! romplet** the |n*i>|HTti\e of the face ^/ /*/«». 
Having found the juTsjuM-tive of this face, the HMiiainder of tlie 
bl(H'k may Ui 4let4'rmin<Ml as in the pn*vious problems. 

NoTK. -- instead of iM'ing some distanre ^N>hind the pieture 

plane, tlie bbn^k might have Ikhmi wholly <»r ]»;irtly in front of the 

pieture plane. In any case, find the intersection with the pieture 

plane of H4ime vertical fac«» of the block (prtMlueed, if ne<*essiir}'). 

This int(*nM*ction will show the true vertiead height of tlie bliick* 

At this jMiint the student should solve Pkte IL 
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60. PROBLEM V. Fig. 22. To find the perspective of a 
house, the projections of which are given. 

The plan, front, and side elevations of the house are shown 
in the figui-e. The side elevation corresponds to the projection 
on the profile plan, used in tlie study of projections. This prob- 
lem is a further illustration of the method of revolved plan and 
of the use of horizontal vanishing points and auxiliary lines of 
measures. It is very similar to the three previous problems on 
the rectangular blocks. 

The first step in tlie construction of the perspective projec- 
tion is to make a diagram (§ 53) which shall show the horizontal 
projections of all the features that are to appear in the drawing. 
The diagram should be placed at the top of the sheet, and turned 
so that the sides of the house make the desired angles with the 
picture plane. In Fig. 22 the diagram is shown with the long 
side making an angle of 30° with the picture plane. The roof 
lines, the chimney, and the positions of all windows, dooi*s, etc., 
that are to be visible in the perspective projection, will be seen 
marked on the diagram. 

The nearest vertical edge of the house is to lie in the picture 
plane. This is indicated by drawing II PP through the corner of 
the diagmm which represents this neai-est edge. 

VH may be chosen at any convenient distance below HPP. 

The position of the station point is shown in the figure by 
its two projections SP"^' and SP". SP^' mnst always be in VH. 
The distance between SP" and HPP shows tlie distance of the 
observer's eye in front of the picture plane (§ 43). 

v'^^ and v^^^ may be found as in the ])rcc(Mlini^ pr()l)lenis. 

The position of the plane on which the ()l)j('ct is to rest 
should next be estixblished by drawing Vllj, the distance between 
VII and VHj showing tlie height of the observei's eye above the 
ground (§ 44). 

In addition to the plane of the ground represented ])y VIIj^ 
a second ground plane, represented by VH.,, has been chosen some 
distiince below VHj. In the figure, two perspective projections 
have been found, one resting on each of these two ground planes. 
The pei*si3ective which rests u}K)n the plane represented by VH, 
shows the house as though seen by a man standing with his eyes 
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iifarly on a level with the to|e< of the \\iii<ln\vs (§ '2t*). The view 
whieh rests on the j»liiin* re|»n*se!ite<l by VII. shows a hinl's-eye 
view ot the hoiisi*, in whirh tlie eve of tlie «»l»>erver (alwavs in 
VII^ is at a Wistaiiee ;ilH»\f the pl.ihr «Mi wliieh the \ii'W n*slH, 
e<)iial to alHHit two ami oiif-iialt* times the luMi^ht of the rid^* of 
tlie lioiise alHive the ^romnl. 

I'hi** • two |wi>|«»rii\r |»rojrrtions illustnite the efTeet of 
rhani^inif the liistaiin* lMtWf«-u \'ll airl tht* vertical tniee ( § -W, 
nnt«- ) nf thi* Jilalif «»ii whi« li tlu' J»rl"spertive plojfrtion is SU[»[Hit4iHl 

to n->t. 'I'lie et»n>tni«tit»n of hoth \iews is exartlv the Hanit*. 
The fnllowiiiL: i*\]»hiiiation applii's to lN»th e(|iially well, lUul tin* 
stiKlnit iiiav (*oii>i«|rr either in stiiii\iiiir the prohleiii. 

t»I. Wt'will tir^t ne'^liMt tie* nnif of tin* houst*. and of the 
jM>reh. The nMnainiiiL,' jmrtioii of the lious4» will Ik» seen to con- 
sist «»f two reetaniTular lihirks, oik* i-e|in'st»ntint^ the main Innly of 
tlie hoiist*. and tin- *»llier n'|»n*sentini^ tin* jMireli. 

'I1n* l>ltK-k ri'int-M'iitinL; tlie main j»Jirt of the hons4* (N'en|)ieA 
a jN>siti«»n exaetly similar tt» that of the hhM-k sh(»wii in Ki^. !*.•. 
FiiNl «-onsi»li'r this hl«Mk irn'sjH*etive of tli«» n*niainder of the 
hons«». A \i*rtieal line droji|HMl frnm the eorni*r of the dia^mm 
that li<-s in HIM* will In* a nifasnn* line fur tin* MtM'k, and will 
estalilinh, i»\ it?* int»TsiMti«»n with \'ll, (or Nil.), the position of 
tin* jMiini » '", in r\a«t!y ihf >auio way that th»* jniint i'* in Fij^. 11^ 
was rsial»U'*h«*d. # *'.i'' slmw s ihf trne hfij^ht «»f tin* ]iart of the 
IhHise nn<i«-r ronsidtr.iti«in, and slmnld U* mad<* etpial to the eor- 
n'sjiiintlini,' In-iLjht i^'^^ as shown i»y the 4'li*\atii»ns. The ree- 
taiii^nlar h!<H k it'pttsrntin'^ th«' main ]i:irt of the hous«* niav now 
Im* drawn «\ai t!\ a^ was tin* i>hH'k in Fii;. tl*, l*rohh*m IV. 

*»-. llaNinif fiinnd x\u* jn'i-spfrtivi* of thf main part of tli« 
hi»ns«\ till' {Mil' h ( wiihont its itHit ) may In* ei»nsidfnMl as a s«*(Mttid 
n-i laiiijnlar lihuk, no \«'rti<al rtl\iv «»f whi<h li«s in the pietun? 
plane. It mav U* tn-att'd in a manner cxaetlv similar t«> that of 
the hhn k sh«iwn in Fi^. -1, jj ."»',•. \Vf may eonsiil«*r that the r*'*ir 
\t'rtit'al fa< «* of tht* hitu k, which forms the |ion-h of the lii»use 
<'/, yi, has Urn rxtmdril imtd it intei>f*rts tin* pietnn* plane in 
tin* lin«» 'f'', ;^i\ini; a lim* of measures for this face, just nn in 
Fi^. l!l the Hfirmf \eithal face of tin* lilo<k was eXti*nde«I until 

it inteni(*et4'<l tlie picture plane in the line t»f uieuMun*H inn. 
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iifnrly <m a \v\v\ with tin* lo|»« of iln* \\iti<Io\vs (§ 21»). Thf view 
whirli n'sts on tin* plain* ii»pn*s<.MittMl hy VII_. shows a binlVrye 
vU'W of the hous*% iit whirh ih«* <*vi* nf tin* «»hsfrvi*r (alwavs in 
VII) is at a tlistaiuv alniNi* th«» j»l.iiu* «»n wliirh tho \irw rfSlH, 
tMjual to al»oiit two and i»nr-hall tinios thi* hcit^ht of thi* riil^i* (»f 
i\u* hiMisi' alM>vo tin* i^i't»inHl. 

'I hi'js • two jn'iNin'riivf projrrtjons iUustrat** lhi» rffivt i»f 
ihanirin«j" thi» <lislan<M» IntwiTn \'ll au'l tin* vertical trart* ( S JJ4, 
ln>t«' ) of tin' plant* on wli'n li thr iici-spfctive jnojcrtion is snpjHtHiHl 
ti> ifst. 'I'h«* const rurtitui of Inith \it»ws is exactly lht» Hanit*. 
Tin* fdllowini; <*\]»lanation applies to Uith ('(pially well, and the 
studt'nt niav t'tmsiilf-r cithfr in stinUini^ the pmhlcni. 

(»I. Wf will tiiHi ni'i^rliMt thi* n»of «»f tin* house, and of the 
jM»n'h. Tin* iiMnaininL,' jMUti«»n of tin* ln»use will 1k» mtIi to con- 
sist of two nTtan'juhir hiin-ks, oni* n*pn"<rntin^ the main Innly cif 
the Inaise, ami tin- other n-pi-eseiitini,^ tin* |M»reh. 

The hliH'k 11'] in-sent ini; tin* main |»art t»f the houses (N'en{iiefl 
a iHisition exai'tly similar t«» that of tin* liltM-k shown in Fi^. 1*.^ 
First consider this hJiM-k iri'esjH*etive of tin* n*nniinder of the 
houM*. A \ertii'al litn* «lropped fr<>m the eorin*r t»f the diaj^nini 
that lies in HIM* will In* a nn*asni-e line for the hloek, and will 
estaltlish, l»v it's interx'i'tion with Vll, < <>r Nil.), the p<»sitioii of 
the jMiint # *'. in e\a<l!y tin* same way that the jniint #'' in Fijj. 19 
was estahli'^hed. #*'./'* shuWs tin- true hei;^ht of the piirt of tho 
house nndir i-«insii|t'r.i(iiin. and should U* made equal t<» the eor* 
n-spMndini: lniL:ht ''^•\ a** shown hy the ele\ations. The ree- 
tauifular Mixk repttsiMtin'^ the main ]iart of the hnus«* may now 
U* drawn txa" t!\ ;e« was iii«* hhn'k in Fi;^. 1'.*, Prohlem IV. 

«!-. llaNin-^' fi»und the jn*i>»piTtive «»f the main part of the 
hous«\ till' {titii li ( wiiliMut its rmit ) ma\ In* mnsideii'd its a second 
n'ctanL:ular M«Mk, im \iTti« .il e«l;;e «if whirh lit-s in the pi«*tun» 
plain*. It inav U' lii*attd in a manin'r exactly similar to that of 
the M«N k sh««wn in Fiir. -1, S ol». We mav consider that the nar 
Vii'tical fare i>f the hl«Hk, wliiih furins the ]Min'h of the InuiM) 
• '/, yi, has Ini-ii cxtcinletl until it intei>ects the picture plain* in 
the line •#*•. uiNiui; a liin* of nn*a*iun*H for this face, just aH in 
Fi|i;. -1 the fitttnuf \rrtical face of the hliN'k Was ext«*nde«l until 
it intoniecttHl tlie picture plane in the line of nieusun*8 inn. 
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On ^a', make ^^ equal to the true height of the vertical 
wall of the porch, as given by the elevation. A line through t^y 
vanishing at t;*^ will be the perspective of the upper horizontal 
edge of the rear face of the block which forms the porch. The 
line through e^, vanishing at v^^ which forms tiie lower edge of 
the front face of the main body of the house, also forms the lower 
edge of the rear face of the porch. Through the point A in the 
diagram, draw a visual ray, and through the intersection of this 
visual ray with HPP drop a vertical line. Where this vertical 
line crosses the upper and lower horizontal edges of the rear face 
of the porch, will establish the points ^ and A^ respectively. 
Having found the vertical edge ^A^, the remainder of the per- 
spective of the porch (except the roof) can be found without 
difficulty, the horizontal edges of the porch vanishing at either 
t;^ or v^, according to the system to which they belong. Each 
vertical edge of the porch will be vertically below the point where 
HPP IB crossed by a visual ray drawn through the point in the 
diagram which represents that edge. The fact that the porch 
projects, in part, in front of the picture plane, as indicated by the 
relation between the positions of the diagram and HPP, makes 
absolutely no difference in the construction of the perspective 
projection. 

All of the vertical construction lines have not been shown in 
the figure, as this would have made the drawing too confusing. 
The student should be sure that he understands how every point 
in the perspective projection has been obtained, and, if necessary, 
should complete the vertical construction lines with pencil. 

63. Having found the pei-sj^ctive of the vertical walls of 
the main body of the house, and of the ix)rcli, the next step will 
be to consider the roof of the main part of the house. 

Imagine the horizontal line tu\ which forms the ridge of the 
roof, to l)e extended until it intci-sects the picture plane. This 
is shown on tlie diagram by the extension of the line iw until it 
intersects HPP. From this intersection drop a vertical line, as 
indicated in the figure. This vertical line may be considered to 
be the line of measures for an imaginarj' vertical plane passing 
tlirough the ridge of the house, as indicated by the dotted lines 
in the plan and elevations of the house. On this line of meaa- 
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an»«, lay off the distance um measured from VII, (or VII/), equal 
t«» the tnie height of the ridge nl>«»ve the ground as given by the 
eU»vation8 of the house. A line dmwn from the point iw, vani^h- 
ing at r***, will n»pn»sent the ridge of tlie house, indefiniti*ly ex- 
tended. From the jmints t wuA ?/• in the diagnim <lra\v visual 
ravs. Fn»m the intersections of these visual ravs with IIPP 
dro(> vertical lines which will establish the* jM>sitii»ns of 0' and tc^ 
on the jiers|>ective «»f the ri«lgi' of the roof, l^ines dr.iwn from 
0' and rr** t<» the corners of the vertical walls «if the liousi*, lu* in- 
dicated, will <M»uijilete the iK'i'SjHMtive of the rot»f. 

To find tlM» persiK'ctive of the jH»n*h nnif, dniw a visual ray 
thnmgh tin* |ioint y on the diagram, and from its interseetion 
with IIPP drop a vertical. Wln'n^ this vertical en»sseH the line 
<i'7#'' will give //*', one point in the jn*rs|«*ctive of the ridge (»f 
th«» jMUch. Tht» j>ers|K*ctivt» of the ridge will U* n»pn*8i'nt4»d hy 
a liiM* through //**, vanishing at r**'. The j>oint z^ in the ri<lge 
will In* verticallv Ih'Iow the interst'ctioii nf II PP with the vismd 
ray dmwn thnnigh the pnint z on the diagram. Lines drawn 
fn»m y** and z^" to th«« corners »»f the verti<\il walls of the |M>n»h, 
a« indicat4Ml, will t'oinplete the {wrspcH'tive of the i«»ndi nM>f. 

♦M. The |M'rs|HMti\»' «»f the chinuiey must n«»w \wi ftmnd. 
It will 1h» seen that the chiuuiev is formed hv a reciauirular hhK*k ; 
and if it is snpjHiM-d to I'Xtcnti down through the house, and n»st 
Ujw»n till* ground, it will 1m' a l»l«H'k tuider exactly the K:ime con- 
ditions as the (»nc>Ijoun in Pii^. iJl, S .">!». In onler to find its 
|H»rs|*»cti\e, e\t«nd its fn»nt \trtical face, as indicatt*d on the 
diagram, till it intci^i.ts IIPP. A vertical lin<» dn»ii|K'd from 
this intersccli«»n w ill U* a line tif measures for the fn»nt fa<-e of 
the chimncv, and the distmcc y*^, laid ofT on this line fn»m \'II. 
(or VII/), w ill slinw til*' true lui^dit of tin* t<»p of the chimnev alM»ve 
tin* ground, as gi\»n on tlic elc\Mtit»n. I lie distance ii#», meiisun'd 
from tin* point # on tin- line of measUH's, will U* the trut* vertical 
hi'i'^dit <»f tin* fat-e i»f the chimney that is \isilile aUive the nntf. 
lams thmu'^'h * and ". Nani'^him; at f'*\ will ri*pn's<Mit the hori- 
y^tiital itl'Msiif tilt* front \i*«ililf fai-e of the chimnev. Thevi'rtical 
ed.^n-s of this face will 1h' foiuid \crti«ally U'low tin* pointM where 
IIPP is cfotM-d by the \ i>ual r.xy^ «lra\\n thniugh the horizontal 
projections of ihcNC etlges on the diagram. 




Yi^ J'i. T>i.ii.'r;i'n '^howirij; M»'thiKi of Fimlinc IVrnp'N';! 




) . 



.■. I .■.I 




i — la 



■"iWi^T Flooh Aji.^io.-i 




pLAit or POflTopnct aid cooitboosk. rmu. t. ■>. 



im:hsi>i:(tive dhawinc; 47 

U'lniiir Ut tilt* Kline Mstriiu aiid >iii>iil«l Mppi'oarli oiir aiiotlu*!' an 
lliry nM*i»«l«'. Inlfss tin* poini.s wlmli <1« l«rininf tliriii an* f()iiii«l 
with ^^it'at <*an\ \\\r two liius inav a|»|UMatli t«Mi ia|ii«llv. or i»\fn 
cli\er^r. as tlu'V mm im1i» from tlu* ry\ In tli** lall<»r cmm\ the 
Wrawini^ woiiM \h* al»si»lutrly wrnuir jn |irinripW\ and tin* rcsiiU 
woulfl 1h» v«tv (lisa^rtM-aljlr to tlu* tniiiud i'\«*. If, however, the 
jMTsjHMtive of the vani>liinj^ iiuini «»f ilir >yst«Mii to whi<-li tht*so 
two Unes )M*h>n<^, can U* fonmh and tiit* t\N(» liiifs Im* drawn 
to meet at this vani>liin^ jMiint, th«* n^nlt vnIII ni'eessiirily l>e 
arrunite. 

llw line thn»nL,di r*', \\hirh f»»rni.s the int«Tsrrtion U^tween the 
r<H>f of tiie lionse and tiie htt hand t.ir«' nf the eiiinniev, is a still 
innn* ditlienlt mir to determine aeeni.itelv. Its lenirth is s<» short 
that it i** ahnn.st im|M»N>ililr to e>taMish its r\aet din»etioii fnnii 
tiie j»*r^|n*iti\e |»rojtrti«»ns ti\' its i\tremiti«*s. If the |K»rsjMM*tivt* 
of its Nanishin:^ jioint < an U- tonnd, ln»\\«\er, its dirt*eti(»n at oneo 
iNMonx's drtinitrK diterminrd. 

«*»T. It is not a dilh< ult matter to tind the |M-rs|K'etive of the 
vaiiishiiivr l»"int f«»reaeli ssstmi of lines in an ohjert. The inellhKl 
is illnsirated in Vv^. \1\. Tlie i^eiMM-al nietlnHl for finding tlie 
[K'i>|M*eti\e i»f liie xani^hini^' |Miini for any systt'in of lines lias 
aln'ad\ Inm-ii stateil in § ll 4 ;/, ami illnslrat«*d in Fi;^^s. 1«>, IT, and 
l-s, >$•»•'« "*1. itud ."»-. It riinains <»nly to adapt the pMienil 
millHMJ to a j.artiiular prohimi, sueh as that shown in Fi;;. ll**. 

riie plan and elevation of a h«»usr are i^iveii at tlu* left of 
tlie li'^mre. riir diai^nun has Ihi-h diaun at the t<»p of the nheet, 
turn«d at tin* th^ired an.jlr. The assumed jnisiiion of tin* station 
point is imlieai«d li\ its two |»i«»jii tions, SP^ and SI*'*. VII 
neeissarily pa.ssfs tiiion-^dj Sl*^. 

*'»**. In oiih-r to tind tiie pri>»|«M tiv*- Mf tiie v.mishin^ |i«>int 
of an\ s\>tem of lines, tiie Nettie. d and ii«»ri/«»nlal ]»roj<*<tii»iis «if 

some eletntMlt of tiie >\stem mUst iw klh'Wn ( sim- inetlpMl of I*nd>- 

lein III.). Till' tliai^Mam i;i\es tin* leai/ontal priijietion of everj* 
line in the oiijiMt whieh is t«» a]»pear in tiie jH'rsjieetive projeetioii. 
The diavfram, lM»\\e\er. li;is litin tnrned thtoni^h a eertain hori- 
7«»nt.d aiJLfii* in t»nier to sh«i\\ tiie desiit-d |M-r>jMTti\e vii-w, and 

lliel>' is no re\ol\id ele\ation to a'^lee with the reM»l\ed |Mt>ition 

of the diagnmi. A ri'Volved elevation loidil, of eonn»i% lie cou« 



987 



48 1>ERSPECT1VE DRAWING 

structed by revolviiig the given plan of the object until all its 
lines were parallel to the corresponding lines in the diagram, and 
then finding the revolved elevation of the object corresponding to 
the revolved position of the plan. 

Note. — The method of constructing a revolved elevation 
has been explained in detail in the Instruction Paper on Mechan- 
ical Drawing, Part III., Page 12. 

Having constructed the revolved plan and elevation of the 
object to agree with the position of the diagram, we should then 
have the vertical and horizontal projections of a line parallel to 
each line that is to appear in the perspective drawing, and the 
method of Problem III. could be applied directly. 

This is exactly the process that will be followed in finding 
the vanishing points for the oblique lines in the object, except 
that instead of making a complete revolved plan and elevation 
of the house, each system of lines will be considered by itself, 
and the revolved plan and elevation of each line will be found 
as it is needed, without regard to the remaining lines in the 
object. 

69. All the lines in the house belong to one of eleven 
different systems that may be described as follows : — 

A vertical system, to which all the vertical lines in the house 
belong. The perspective of the vanishing point of this 
system cannot be found within finite limits (§ 54). 

Two horizontal systems parallel i-espectively to ab and ad 
(see diagram). The perspectives of the vanishing points 
of these systems will be found in VH (§ 24 £?, note). 

Five systems of lines vanishing upward, panillel respectively to 
^, hg^ mny on^ and hk (see diagram). The perspectives of 
the vanisliing points of these systems will be found to lie 
above VH (§ 61, note). 
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Three systems of lines vniiishiiig downwai-d, parallel respec- 
tively to /cZ, g<\ and Icl (see diagram). The [K3rspectiv(\s 
of the vanishing ix)ints of these systems will Ix) foimd be- 
low VH (§ 51, note). 



NOTE. — To determine whether a line vanishes upward or 
downward, proceed as follows : — 



Examine the direction of the line as shown in the dior 
gram, Detennine which end of the line is the fartlier behind 
the picture plane. If the more distant end of the line is above 
the nearer end, the line vanishes vpward^ and the perspective 
of its vanishing point will be found above VII. 

If, on the otlier hand, the rnore distaiit end of the line 
is loiver than the nearer end, the line vanishes downward^ and 
the perspective of its vanishing point will be found below 
VH. 

For illustration, consider the line hg. The diagram shows 
the point ^ to be farther behind the picture plane than the point 
J, while the given elevation shows the point g to be higher than 
the point b. Therefore tlie line rises as it recedes, or, in other 
words, it vanishes upivard. 

In the case of the line /J, the diagram shows the point d to 
be farther behind the picture plane than the point /, while the 
elevation shows the point d to be lower than the point /. There- 
fore the line must vanish downward, and its vanishing point be 
found be'ow VII. 

If wne horizontal projection of a line, as shown by the dia^ 
gram, is parallel to HPP, the line itself is parallel to the picture 
plane, and the perspective of its vanishing point cannot be found 
^thin finite limits (§ 54, note). Tits perspective projections of such a 
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%yitem of Unen will ahow the true angle which the elements of tJu 
81/stem make with the horizmital coordinate. 

70. The construction for the vanishing points in Fig. 23 is 
shown by dot and dash lines. 

The vanishing points for the two systems of horizontiil lines 
have been found at v^^ and v^^ respectively, as in the preceding 
problems. 

Next consider the line af The first step is to construct a 
revolved plan and elevation of this line to agree with the position 
of the diagram. Revolve the horizontal projection («'[/") of the 
line in the given plan about the point/", until it is parallel to the 
line af in tiie diagram. During this revolution, the point f^ 
remains stationary, while the point a" describes a horizontid arc, 
until d^f^ has revolved into the position shown by the red line 
^i"/"» which is parallel to the line afin the diagram. The vertical 
projection a^f^ must, of course, revolve with the horizontid projec- 
tion. The point /^ remains stationary, while the horizontal arc 
described by the point a shows in vertical projection as a horizon- 
tal line. At every point of the revolution the vertical projection 
of the point a must be vertically in line with its horizontal pro. 
jection. When a^ has reached the position o^^ a^ will be vertically 
above a^ at the point a^^ and ci^f will be the revolved elevation 
of the line. 

We now have the vertical and horizontal ])rojections (a{^f^ 
and o^f^) of an element of the system to which the roof line, rejv 
resented in the diagram by (\f\ belongs. The vanishin*^ point of this 
system may be determined as in Problem III. Draw through 
SP" a line parallel to a^\P^ (or af in the diac^rani), representing 
the hoi izon till projection of the visual element of ibe system. 
Draw through SP^ a line i)anillel to (i^f^\ representing the verti- 
cal projection of the visual element of the system. The visual 
element, represented by the two projections just drawn, pierces 
the picture plane at v^^ (§ 45, note), giving the pei'sj)ective of 
the vanishing point for the roof line, repi-esented by af in the 
diagram. 

In a similar manner the vanisliing point for the roof line, 
represented in the diagram by h;/, may be determined. Fii*st find, 
from the given plan and elevation of the object, a revohed plan 
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aiid elevation of ^/, to ac^ree with the position of the line in the 
diii^mm. Revolve t"^" in the given phin alxiut tlie iM>int //"» 
until it is iMimllel to bg in the diagram, and occupies the |M>8ition 
indicateil by the line /'."f/"- '^ '^** corres|)onding revolved elevation 
is repreik'Dted by the red line &iV^* 

6,"/7" and h^^g^ now represent respectively the horizontal 
and vtTlieal prnjeetioiis of an elenient of the system to which Uie 
rtH»f line, ivpieseiiti'd l»y /*// in tlie diajj^rani, lM*longs. Tlie vanish- 
ing point of tills syst4Mn can lie ft>und hy l*rol»leni III. Tliroiigli 
SI*" dniw a line parallel to Z*,"//" (<>r /*y in tlie diagram), repre* 
scnting the hori/ontal pn»jeition of the visual element of tlie sya- 
tern; and through Sl*^' draw u line larallel t4) /'jV^ representing 
the vertical pn»je<tion <»f their visual element. Tlie visual ele- 
ment, repn»stMited l>y these two projeetions, pierces the picture 
plane at v**^, giving the iKM-sjH'ctive <»f the vanishing jKunt of the 
riHif line, ivpn»seiited in the diagram hy the line In;. 

Hy a similar pnK-ess, /i"Ar|" and /i^'A'j^' are f<unid to represent 
res|MMtivfly the horizontal Jiiid vertical pmjections of an element 
of the sNsiem to uliirh U'longs the r<Mif line repn»senU*d in the 
diagram hy the line hfc. 'i'he |x*rsinM-tive of the vanishing jioint 
of this lint* has U^eii found at r*'^. 

e^^ v^', and r*'*^ have all U'eii f«»uiid t4» lie alM)ve VII (§51. 
note). 

71. r'**, c^, and v^^ an» found exiutly as wore »•', r*^, 
and r*'*^ ; hut, as the syst4*ms to whieh tln-y lielong vanish down* 
wanl, lliey will lie Ik*Iow VII (§ 51, note). 

Thus, /""</," and Pdi^ are n»sj»Htivfly the horizontal and 
Vertical pn^jertions of an element <»f the Hyslem n*pn»!k»nted hy/d 
in the diagram. A line drawn thn>ugh SP", juirallel to,f"</," (or 
fit in the diagram), will intrrsiM-t II PP in the |Miint tr. A verti* 
cal line tlin»ui;h tr will intercut a line tlirough SP^ ])andlel to 
/^t/,\lH.|ow VII. 

72* Having foun«l th«» |H»rspectives of thes4» vanishing iMunta* 
the jMTS|K»<* lives of the vanishing traces of all the planea in the 
ohjt^ct shoidd U' dmwn as a test of the accunu-y witli whi<*h the 
vanishing points have Immmi const ruet^Ml. The nnif planes in 
the house an* letU*a*d witli ttie capital Iett4*r8 M, N, 0» P, elo^ 
ou Uie diagmnu 
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The plane O contains the lines af^ ady and/cf. Therefore, the 
vanishing trace (TO) of the plane must be a straight line passing 
through the three vanishing points, y*', v*^ and v^^ (§ 24 d). If 
all three of these vanishing points do not lie in a straight line, it 
shows some inaccuracy, either in dmughting or in the method 
used in finding some of the vanishing points. The student should 
not be content until the accuracy of his work is proved by draw- 
ing the vanishing trace of each plane in the object through the 
vanishing points of all lines that lie in that plane. 

The plane M contains the lines /d, ffc, and do. The last line 
belongs to the system a6, and hence its vanishing point is v*^\ 
The vanishing trace (TM) of the plane M must pass through v^^, 
ti«% and v^\ 

Similarly, tlie vanishing trace (TP) of the plane P must pass 
through v^^^ v^^, and i^"*^. TN must piss through v^^\ i;*', and v^^. 
TQ must pass through v^'^ and i;*'^ TR must pass through v^^ 
and v'**^. 

73. The vanishing trace of a vertical plane will always be a 
vertical line passing through the vanishing points of all lines 
which lie in the plane. Therefore, the vanishing trace of the 
vertical planes in the house that vanish towards the left will be 
represented by a vertical line (TS) [)assing throngh v'^'^. 

The vanishinuf trace of the vertical ])lanes of the house that 
vanish towards the right will be represented by a vertical line 
(TT) passing through v'''^\ As the vertical plane which forms 
the face of the ])oi'ch belongs to this system, and as this plane 
also contains the lin(;s h/c and kl, TT will be found to pass 
throuirh v^'^ and v^^ as well as r'^\ 

74. It will be noticed that tlu? vanishing points for the lines 
7nn and on have not been found. These vanishing points might 
have been found in a manner exactly similar to that in which the 

4.' 

other vanishing i)oints were found, or they may be determined 
now% dinK'tly from the vanishing traces already drawn, in the 
followinL*" manner : ■ — ■ 






The line mn is seen to be the line* of intersection of the two 
planes N and Q. Therefore ( s^ '2A c) r'"" must lie at the inter- 
section of TN and TQ. 

For a similar reason, i'"" nnist lie at the nitersection of TN 
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ami Tit. TX iiiul TR do not intorsert witliiii the liinitB of the 
plaUs lnit ihfy an» wfii U) converj^ a8 they jmush to Uie ieft> and, 
if jirtMlured in tliat direc'ti(»n, would meet at the vaniiihing point 
ft)r the line on. 

7'). Having found r'\ r***\ r***, ami r*^, TX eouUI have lieen 
dniwn ihrou^li v*^ and r**'* ; an<l TO eould have U^en drawn 
thn»ut;h f*** and r''*. Ah h/ is tin* inters<ntion of the two phineH 
N and O, »•*' r<»ul<l havi* l»i*en found jit the inlei-stu'tion of TX and 
TO without actually eonstruitin*^ tluH vanisliinj^ point 

Siujilaily, '*''' eould have U'en dt'tennined hy the intersec- 
tion <»f TM and Tl*. 

I(v an exaniinatiiui of the phite, the stu<lent will notice that 
tlir vanishiujij iM)int f^r each line in the ohjcet is formed at the 
interMTtion of the vanishing tr.u-es of the two planes of which 
tlic line forms tlic intei>cction. Thus, the line O'l forniH the inter- 
scriioH U'twccn the plane () anil the h'ft hand \crtical face of tlie 
hoUM'. (•**'' is found at the intei-section of 'l'( ) and 'i'S. 

I lie line f'/. wliieli forms the ridi/e of the n)of, in the int«»r- 
se»ti«»n of the pl.ines M an*! N. I'he vanishint^^ |>oint for/}/ is 
r*'\ and I'M and IN will U* found to int4'is<'et at r**'*. r*'*' is 
fouml at the intei-seetion of 'l'(^ anil TT, r*'* is found at the inter- 
MM'lion of rti and '! !\ rlr. 

It will U* noticed also that the tw(» lines hk and kl lie in the 
8anje Vertical plane, and nuike the same an^le with the horizontal, 
<»ne \ani.Hhin«4 u[»wanl, an<l on** vanishing downward. Since IxiUi 
lines li«* in the s,inie \ertieal plane, Uiih of tlieir vanisliin^ points 
will In* fouml in the \eiiieal line which repn-sents the vanisliin^^ 
tnice of that plane. Also, sinie hoth lines niiik** cMpnd angles with 
tiie Imri/onlal, the vanishing' |Mmit of the line vanishing upward 
will U» f«»und as far al»o\e \* II as the vanishin;^ p<»int of tlie line 
vanishiie^ dow nwanl is U-low \*ll. 

In a similar way. the line Ay vanishes npwanl, and tin* line 
tii \ani'*hes downwanl; each making tlie s;ime an^le with the 
hori/imtal (as shown l»v the ;L,'iven plan and elevation). Tln'se 
two lines do not lie in the >ame plane, hut may l»e s;iid to lie in 
two imaginary \eitiial j»lan«'s which an* |i;irallel t«» one aiiotiier. 
Their vanishinj^ |H»int> will l>e ven to lie in the Hiiuie vertical line, 
v^ lieing an far alnive VH a.s r'"* is lielow it. 
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As a general statemeat* it may he said that if two lines tie 
In the same or parallel vertical planes* and make equal angles 
with the horizontal, one vanishing upward and the other van- 
ishing downward, the vanishing points for both lines, will be 
found vertically in line with one another, one as fkr above 
VH as the other is l^elow it. 

This principle is often of use in constructing the vanishing 
point diagram. Thus, having found v^\ v^ could have been 
determined immediately by making it lie in a vertical line with 
r**, and as far below VH as v^^ is above it 



VANISHINQ POINT DIAQRAM. 

76. The somewhat symmetrical figure formed by the vanish- 
ing traces of all the planes in the object, together with all 
vanishing points, HPP, and the vertical and horizontal projec- 
tions of the station point, is called the Vanishing Point Diagram 
of the object 

77. Having found the complete vanishing point diagram of 
the house, the perspective projection may be drawn. VH^ may 
be chosen in accordance with the kind of a perspective projection 
it is desired to produce (§ 29). In oixler that all the roof lines 
may be visible, VHi has been chosen far below VII. The result- 
ing perspective is a somewhat exaggerated bird's-eye view. 

The point e^ will be found on VHi, vertically under the 
point e in the diagram, a^e^ lies in the picture plane, and shows 
the tiue height of the vertical wall of the house. From a^ and 
e^, the horizontal edges of the walls of the main house vanish to 
v*^ and v"^. 

The points cF, J^, th^, and 6^ are found on the upper hori- 
zontal edges of the main walls, vertically under the points where 
HPP is crossed by visual rays dmwn through the points rf, 6, rw, 
and in the diagram. Vertical lines from d^ and 6** complete 
the visible vertical edges of the main house. 

In a similar manner the perspective of the vertical walls of 
the porch is obtained. 

Each roof line vanishes to its resi^ective vanishing point 
o^P vanishes at v•^ J^dF vanishes at v'**. These two lines inter* 
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goct ill Uie \Hnni/^. The ridge of the iimin house (MiSHes tlirough 
jT'^ VHiiiHhing at i'*\ t/^t'^ vanishes at r*^, passing througii the 
iM>int «•"*♦ which hjis alrea<lv U^en determined by the intersection 
of tlie two up|H»r n»ar horizonUil edges of the main walls, fy*" 
vanishes at r***, completing the jH^rsixvtive of Uie main rtM)f. 

In the iM>nh, h^'k^ vanishes at r*'**, jmssing through tlie |Nunt 
A**, aln»adv determined hv the vertical walls of the iH)n»h. k^P^ 
passes tlirough /•*, and vanishes at r*'*. From Ar*' the ridge of tlie 
|M»nh roof vanishes at i»**'. From i/i'\ a line vanishing at r*"" 
will inU*rsert the ridgi* in tlie point /i*', and repn»st»nt the intersec- 
tion of the nmf plant's Q and X. The vanishing j)oint for o**!!** 
falls out.nide the limits of the plate. (/'*m'' may Ik? connecte<l with 
a line which, if the drawing is accurate, will converge towanls 
lH»tli TX and Tit, and, if pnMluced, would meet tliem at their 
intersection. 

7^. Whilt* constructing tht» vanishing point diagram of an 
ohj(H*t, the student should constantly k(*ep in mind the general 
statement> niadi* in the note undtT ^ OU. 

VhiW IV. shouhl now Iw solved. 



PARALLEL OR ONE-POINT PERSPECTIVE. 

79. When the diagram of an ohject is placed with one of its 
princi|«il systems of horizontal lines parallel t4» tlie picture plane, 
it is sjiid to In* in Parallel Perspective. This is illustrat^Hl in 
Fig. -4, hy the n'ctangular hliH-k there shown. One s^'stem of 
horizonUd lin«'s in the hUnk UMiig parallel to the ]>icture plane, 
Uie other syst4Mn of horizon tid lines must bo i)eri)endicular to tlie 
pictun* plant*. The vanishing point for the latter system will lie 
c<»incident with Sl*^' ( § .VJ ). The horizontiil system that ih jMirallel 
to the pictiin* plane will have no vanishing i>oint witliin finite 
limits (§ ')!, with not*' ; also last paragraph of note uiuler § M). 
The thinl system of lines in the ohject is a vertical one, and will 
have no vanishing |M)int within liniti* limits (§ ii-i). Hius, <if tlie 
thre4» systems of lines that form Uie wlges of the l>hH*k, only one 
will have a vanishing |N)int within finiU* limits. This fact has 
led ttf> the tenn ()n<*-Point IVrsjn»ctive, which is often appli<M| to 
an ohj«;ct in Uie inmitioii shown in Fig. 21. Aa will be aeen, Uiia 
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Is only a B|>eoial case of the problems already studied, and tlie 
oonatmotion of the perspective of an object ia parallel petspeotive 
is usually simpler than wheo the dif^fram is tutned at an angle 
with HPP. 

80. The vertical face (abfe') at the block lies in the picture 
plane. It will thus show in its true size and shape (§ 24 K). The 




points «' and/^ will be found on VH, vertically below tlio points 
e and/ in the diagram. 

81. Both the edges e^a^ and f^li*' are lines of nieasuree, and 
will show the true height of the block, as givea by the elevation. 

82. The two lines a^J'" and c'^'', nince they are formed by 
tlie intersection of tlie buses lif the block with tlie jjicture plane, 
will also be lines of measures (§55), and will show the true 
length of the block, as given by tlie plan and elevation. 

83. The perspective of the front face of *the block, which is 
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coincident with the ]>icture ])lane, can be dmwn immediately* 
Kn>m «!**, ft*\ #•'*, and /'*, Uie h<»rizonial imIj^^s, which an* ])(*q)endicu« 
lar to Uie jMcture phine, will vanish at v*** (coincident witli SP^). 
The rear vertical eilges of Uie block nmy be found in the usual 
manner. 

84. Ilic lines ii^l'^\ iP'r^\ #'7'*', an<l /*'//'*, which fonu the hori- 
zontal edges jwnillel to tlio j»icluii» j>laiie, will all U» drawn paral- 
lel t<i one anoUier ( § o4, note^ ; and sine** tht« lines in 8|mce which 
ihev n»pn*SiMit aiv horizonUd, <i'7»*', </*>'*, <•'*/**, and A*y will all 
Ixj hi»rizontal (si»e last iMiragntph of note un<ler § (»!♦). 

All of the principles that have Ihhmi stated in connection with 
the other problems will apply equally well t*) an object in parallel 
Iiers|>ective. 

H'i, lnt4Tior views ivu' often shown in {landlel jierHpective. 
One wall <»f the inti'iiMr is iisuallv a>sunied coincident witli the 
piitun* plane, and is iH»t sIiuxmi in the dniwing. For illustration, 
the nMiani^Milar 1»1«m k in !* ii^'. -i niay l>e consideiXMl to represent a 
ln»llu\v Inix, tin* iiitnittr of wlnrli is to U* shown in j»i»rsjH»ctive, 
Assume iIh» {a'v M/*'AV*^''^ ijiat lies in the pictuii* plane to lie 
n-iiMivtMl. 'i In* nsuliinL^ jn*i>|»ftti\f projection wouhl show tlie 
int«»riorof tin* Imi\. In making a jmralKd jH»rs|K'ctivi' of an inti*rior, 
however. Nil is n.>uallv dmwn lower than is indicaited in Fig. 24, 
in onler to nIh»\v the iii>idt» of tlit* up|«*r face, or ceiling, of tlie 
interit»r. Willi such an arningement, three walls, the ceiling, and 
the floor of the interior, may all Ik* shown in tlie jiersijective 
pn>j«Mtioii. 

.*<♦». Fig. -.'» shows an example of int4*rior {winillel j)crR{)ective. 
Tht' plan of tlir room is shown at the top of the plate. Tliis ban 
U*en plactMl so that it niay U* ummI for the diagram, and Rave the 
necessity of making a stparat** <lni\\iiig. 'i'he elevation o( the 
riMiin is slhiwn at llir Irfl of tlie plat«\ and for convenience it has 
l»eeii pla<«Ml with its lowir lioii/oiital «*<Igi» in line with VHj. In 
this posilitui all \«rti« al tlimrnsions in the object may lie carrie<l 
l»v hori/iint.il coiisiruriion linfs tlin*ctlv from the eh*vation t4i 
the xiTtii-al line of nieasuns («#''«-^ or /''*/'*) in the Jier»{>ectiv6 
projetlion. 

87. The fioiit fare of the n»om \ii^h^f^t^\, which ia coinci- 
dent with the picture plane, may first U* established. Each |)oilit 
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in the perspective of this front face will he found to lie vertically 
under the corresponding point in plan, and horizontally in line 
with the corresponding point in elevation. Thus, a^ is vertically 
under a^, and horizontally in line with a^. 

All lines in the room which are perpendicular to the picture 
plane vanish at t^*** (coincident with SP^). 

Drawing visual rays from every point in the diagram, the 
corresponding points in the perspective projection will be verti- 
cally under the points where these visual rays intersect HP P. 
The construction of the walls of the room should give the student 
no diflSculty. 

88. In finding the perspective of the steps, the vertical 
heights should first be projected by horizontal construction lines 
from the elevation to the line of measures (a^e^), as indicated by 
the divisions between e^ and m. These divisions can then be 
carried along the left hand wall of the room by imaginary hori- 
zontal lines vanishing at v^^. The perspective of the vertical 
edge where each step intersects the left hand wall may now be 
determined from the plan. Thus, the edge s^/'^ of the first step 
is vertically below the intei-section of IIPP with a visual niy 
drawn through the point 8^^ in plan, and is between the two hori- 
zontal lines projected from the elevation that show the height of 
the lower step. Tlie corresponding vertical edge of the second 
step will be projected from the plan in a similar manner, and will 
lie between the two horizontiil lines projected from the elevation 
that show the height of the second step, etc. 

From 8^ the line which forms the intersection of the wall 
with the horizontal surface of the fii^t step will vanish to r'*'*, etc. 

From r^ the intersection of the first step with the floor of the 
room will be a line belonging to the same system as a^'h^\ and will 
therefore show as a true horizontal line. The point t^ may be 
projected from the diagram by a visual ray, as usual. From t^ the 
vertical edge of the step may be drawn till it intersects a horizon- 
tal line through tS^, and so on, until the steps that rest against the 
side wall are determined. 

89. The three upper steps in the flight rest against the rear 
wall. The thi-ee upper divisions on the line e^m may be carried 
along the left hand wall of the room, as indicated, till they inter- 
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i<r«'t tin? rfiir \«Mti<al cmI^o of iIm* \v;ill, n'j>n*st'iit4Ml |»y the line 
</**A'\ Fr«»iii tlH*S4» iiit4'i'sertioiis tin* liiu'S may U» <arri<Ml alon^ 
i\\v n*ar wall <»f tht» r<M»in, slmwin^ iln* luMj^lils nf iln» tlm*t» u]>{M*r 
Klcps \vln»n» tlifV ifst against the n'ar wall. 

'11h* tluvf up|MT divisions on tho lint? r'*;/i have aUo Ih'imi 
pMJt'rttMl a<rnss to thf liiu! /'*'/''*, iin«l fn)ni this lint* rarritMl hy 
inia«^inary h<iri/.ontal lint^s alon*^ the ri^ht haml wall of tht* n>oni 
to ihf jilane X, at-ro.ss iIh' jilant* X to tin* plan** < ), and fn>in tlio 
plant* () to tilt* plant* M. Thns, for ilhistrati(»n, tht* np|HT tlivisitmf 
n*pifsrntin^ tlu! ln*i;,'ht of thi* npjuT stt'p, has Ihm'Ii rarritMl from 
m toe* ; fn»ni r to 7 alon^ the rijj;ht hantl fact* <if the wall; 
from 7 t4>y aloiijr tin* plants X ; from ./ to k on the plane (), and 
from A- toy'* <»n the plane M. 

The point /*'* is wheiv the line which n»pn'sent8 the height of 
the npjM'r st«*p nit'ets a vt-rtieal dmpiietl fn»m tht* intenu*ctiou of 
IIIM* with a visnal my thron«;h the jMiint /»" in the dia^un. p^ 
is on«- eornt-r in the jK'rsiK*ttive t»f tin* np|MT step, the visihle edges 
«»f tin* stfp iM'ini^ n*pn*s<*ni«Ml hy a hori/.ontid liin», p^k^ a line 
(/»'<*'*; vanishing at r***, and a vertieal line dniwn fn»in />** l)etween 
the two h«iri/.4»ntal lines on the plane II, wliicii n*pn*mtnt tlie 
height of the nppt'r step. The point <*'* is at the int^TstH'tion tif 
the lint* drawn throngh /*'*, \anishing thn^igh r**'', with the hori- 
zontal lint* f»n tht) n*ar wall tirawn throngh the point ii, and 
n*pn'M*nting the npiM*r step when* it rt*stH against tlie rear 
wall. 

'I'he rrnjaining st«*p»< may Ik* fonnd in a similar manner. The 
Htnth'iit should havt* no ditVniilty in following ont the t*onfttnietion, 
which is all shown tin the platt*. 

l^O. The position of the point t^' on the line r'7'* waM det<»r* 
mint*tl hy projecting in th»* nsnal niannrr from the tliagnim. Tlie 
|Hisition (»f f'' might ha\e Um'Ii fonnd in tlu* following manner: In 
the li^nn* the line t\P' is a line of measnn*s (§ si ), antl divisions 
(Ml this lim* will show in their tnn* si/e. Thns, if we imagine a 
hori/i>ntal lint* to In* drawn thnni^h t^\ |Kirallel in the wall of the 
n»oni, it will intt*rst»ei #••7''* in the point m. Sinee i'*ii ia tm a line 
of mt*asnres, it will show in its trne lt*ngth. Thus, /** might have 
lieen dt*termin(Hl hy laying off f^u eqmd to Uie distaneo e^^i taken 
from the plan, and tlien drawing Uimugii the {>oin( u a line Tan- 



•79 



64 ^ PERSPECTIVE DRAWING 

isbing at t^. The intersection of this line with the horizontal 
line drawn through r^ will determine t^. 

In a similar manner the vertical edges of the steps, where 
(iiey intersect the plane M, might have been found by laying o£F 
from Uy on e^f^^ the divisions uv and vw taken from the plan. 
These divisions could have been carried along the floor by hori- 
Eontal lines parallel to the sides of the room (vanishing at v^), to 
(iie plane M, and then projected vertically upward on the plane 
M) as indicated in the figure. Solve Plate V. 

METHOD OF PERSPECTIVE PLAN. 

91. In the foregoing problems the perspective projection has 
been found from a diagram of the object. Another way of con- 
Btructing a perspective projection is by the method of Perspective 
Plan. In this method no diagram is used, but a perspective plan 
of the object is first made, and from this perspective plan the per- 
spective projection of the object is determined. The perspective 
plan is usually supposed to lie in an auxiliary horizontal plane 
below the plane of the ground. The principles upon which its 
constrtLCtion is based will now be explained. 

92. In Fig. 26, suppose the rectangle a^b^(^d^ to represent 
the horizontal projection of a rectangular card resting upon a 
horizontal plane. The diagram of the card is shown at the upper 
part of the figure. It will be used only to explain the construc- 
tion of the perspective plan of the card. 

First consider the line ady which forms one side of the card. 
On HPP lay off from a, to the left, a distance (ae) equal to tlie 
length of the line ad. Connect the points e and d. ead is by 
construction an isosceles triangle lying in the plane of the card, 
with one of its equal sides (rt<^) in the picture plane. Now, if this 
triangle be put into perspective, the side «</, being behind the pic- 
ture plane, will appear shorter than it really is ; while the side a<', 
which lies in the picture plane, will show in its true length. 

Let VHi be the vertical trace of the plane on which the card 
and triangle are. supposed to rest. The position of the station 
point is shown by its two projections SP" and SP^, The vanishr 
ing point for the line ad will be found at v^ in the usual man- 
ner. In a similar way, the vanishing point for the line ed, which 
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fiittiis tlif Inim* of till* isiiscolfs tiiaii^lr, will lie foiiutl ut r*^\ i\s 
iiitliiadil. fi'* will W ftniinl on VII, vrrtiiMlU* uiiiltT the jMuiit ii, 
wliirh fMniiH tlu' a|H'\ of tin* isiisrrlrs triaiii^lo eml. The lino 
.1'*.*'* will vaiiitth at v^K The puiiit #*" will be found vertically 
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lu'liiw Uii- jMiiiit *. #'*•/** will vanWi nt r**", and df»tiTiniiie by it« 
iiil«rsriii*iii with .1'./*' till* Irii^ih of that liiir. c ''.i •*•/'* ia the 
]ii'|>%jM'i'!i\«' iif ihr i«»nM fl»H lnill;;lf f •»•/. 

If tlio lint* 'f7 in th»* iliai^r.iui is divided in any nmnm*r hy 
tilt* |ii>iMt.o* f, ji, and r, the |HTs|N*(*tivcH nf tht*rk* jniintM may lie 
fniuiJ till tin* lino a^J*' in the following way. If liuea are dmwn 
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through the points ty «, and r in the (liagrani jMirallel to tlie base 
de of the isosceles triangle (ead^^ these lines will divide the line 
ae in a manner exactly similar to that in which the line ad is di- 
vided. Thus, aiv will equal at^ tvv will equal ^«, etc. Now, in tlie 
perspective projection of the isoscclej^ triangle, a^*e^ lies in the 
picture plane. It will show in its true length, and all divisions 
on it will show in tlieir true size. Thus, on a^(^ lay off a^w^j 
tv^v^j and v^u^ equal to the conesponding distances at, f«, and «^r, 
given in the diagram. Lines di-awn through the points w^^ v^, 
and u^y vanishing at v^^y will be the perspective of the lines wt^ 
V8j and ur in the isosceles triangle, and will determine the positions 
of t^y s^y and r^, by their intersections with a^d^. 

93. It will be seen that after having found v^ and v^^y the 
perspective of the isosceles triangle can be found without any 
reference to the diagram. Assuming the position of a^ at any 
desired point on VHi, the divisions a^\ w^, v^y u^', e^ may be hiid off 
from a^ directly, making them equal to the con-esponding divisions 
a^y t^y 8^\ r", d", given in the plan of the card. A line through a^ 
vanishing at v^*^ will represent the perspective side of the isosceles 
triangle. The length of this side will be determined by a line 
drawn through e^y vanish iiig at v®*^. The positions of t^y «^, and 
r^ may be determined by lines drawn through ic^y r^, and w^, van- 
ishing at v^'^. 

94. It will be seen that the lines drawn to v^*^ serve to 
measure the perspective distances a^ f\ t^ s^y s^ r^, and r^ d^\ on 
the line a^d^\ from the true lengths of these distances as hiid off 
on the line a^e^\ Hence the lines vanishing at v^'^ are called 
Measure Lines for the line a^cF, and the vanishing point v^^^is 
called a Measure Point for a^\F, 

95. Every line in perspective has a measure point, which 
may be found by constructing an isosceles triangle on the line in a 
manner similar to that just explained. 

Note. — The vanishing point for the base of the isosceles 
triangle always becomes the measure point for the side of the 
isosceles triangle which does not lie in IIPP. 

96. All lines l)elonging to the same system will have the 
same measure point. Tlu:s, if the line />^', which is parallel to at?, 
be continued to meet ilPP, and an isosceles triangle (cAru) cou- 
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htnhttHl (III it, jis iinluattMl liv llu* ilottol liiu's in the li^uiv, tJio 
UiM* (^"'V ^'^ ^'**** ii*i>st*ok'^ triaii^lr will 1h« jKinillel to </»', ainl its 
Xaiiisliiii^ |M»iiit will U? roiiHuJiMit with r''**. 

*.»T. *riitri» is a r»»n^laiit nlatioii iR'tweni tlu? vanishing point 
of a s\stiMn of lines and tin* nuMsntx; ]N»int for that svst<*ni. 
Thfivfon*, if tlie vanishin;^ jMant <»f a system of lini'S is kntiwn, 
its nieasniv point may Ik* found without iffeivnee to a diagntm, an 
w ill Im' explained. 

In eonstnirtin*^ the vanishiuLf jHiints r**'* and v*^*\j'h wasilniwn 
par.dli I to ti'LJii was drawn paraUel t<» »•/, and since luj is eoinei- 
dent with 111*1*, the two trian;:h»s «'#,/ jind //*// must In* similar. 
As /If was made equal to //•/ in the small triangle, A/'must I h' equal 
to hij in the lai-j^e triangle; and eonscqucntly r"', whith is as far 
fr«»m r^** as 7 is from A, mii>t U* as far fmm t"*** as the point/ is 
from the point h. 

If tie- studiMit will n-frr h.trk to I '^'s. S, i», and Oa, h<» will w»e 
that thr |Hiint A Injuh a .similar relation in Fi^r. ^tJ to that t»f the 
jM.jnt //<" in I'i'^'H. S, •♦, and l».i, and that tin* point h in Fij^. :2t> is 
nallv the h<»ri/.Mnt.il projrrti«»n nf the xani.shin;^ jM»int f*^'*. (See 
aU.» J :*rj.) Then-for»', as r"' i^ as far fmm i***' as the p«»int A is 
fn»m the pointer, we may makr the following hUit^Muent, which will 
hoM for all s\ stems of liori/.oni.il lines. 

f"Un'l tni I'lf tin t'lr ff'tn (lit' V'lh'mJinifi inn'nt tit* thr n^/atttn at the 
h'trl2>ut'tl i'r-n< <'tim nf' t/nif v-ittialittn/ f»'>int i$ tiintnut j'ri'in the hori* 

N<»ri:. — In acr.»nlancc with tin* c«»nstruetion hhown in Fig. 
-»», >1*^ will alwavs lie Ix'twcen the \anishing point of a systeiu 
and its mrasiin* p«»iijt. 

i»'.». The nitasun* iMilnt I'f anv s\stem of lines is usindly de- 

• • • • 

not.'il hy a small lttt«r//i witii an in«hx coin-spouding to itM n»- 
l.it. d Vanishing: p^iut. TliMs, //<*'• signifies the measure jioint for 
tin* s\st«in of liiHs N.inishitii; «it r***. 

I'Mi. 'I'ln. vanishin«^ point f«»r eiA in Fig. 2ti has l>een fouml ut 
c***. 'Ihf jM»int ;*. in 111*1*, is the horizontal pn»je<'ti«»n of this 
\anishin'^ point. The measutv jN»int ( /u*'*^ for all lines vanishing 
at r*** will i»f found on V II, at a distjiiiee from i**** tMjUal to the 
ilistinie fn^m n to>l*'' 0«'^> '>> uccorduiiee with tliis litatenieuti 
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m*** has been found by dr.iwing jin arc with n as center, and Mrith 
a radius equal to the distance from n to SP", and dropping from 
the intersection o^ tliis arc Avith IIPP a vertical line, m^^ is 
foiuid at the interaection of this vertical line with VH. 

101. The jjerspective of ah has been drawn from a^, vanishing 
at I;**", ayb^ on VIIi is made equal to the length of a^b^ given 
in the plan of the card. A measure line through 6i, vanishing at 
m*^ will determine the length of a^6^. A line from b^ vanishing 
at v***, and one from d^ vanishing at t;*^ will intersect at c^, com- 
pleting the perspective plan of the card. 

102. Even the vanishing points (y*^ and v**^) for the sides of 
the card may be found without drawing a diagram. Since fn is 
drawn parallel to oi, it makes the same angle with HPP that ab 
makes. Similarly, since fh is drawn parallel to arf, it makes the 
same angle with HPP that ad makes. The angle between //i and 

fh must show the true angle made by the two lines ab and ad in 
the diagram. Therefore, having assumed SP", Ave have sim- 
ply to draw two lines through SP", making with HPP the respec- 
tive angles that the two sides of the cards are to make with tlie 
picture plane, care being taken that the angle these two lines 
make with one another shall equal the angle shown between the 
two sides of the card in the given plan. Thus, in Fig. 27, the 
two projections of the stixtion point have fii-st been assumed. Then 
through SP", t\yo lines (//i and /A) have been drawn, making re- 
spectively, Avith HPP, the angles (IP and N°) which it is desired 
the sides of the card shall make with the picture plane, care being 
taken to make the angle between //i and.f// ecjual to a right angle, 
since the card shown in the given plan is rectangular. 

Verticals dropped to VH from the points n and h will deter- 
mine v^^ and v^^. Having found v^"^ and v'*'\ vf^^ and vf'^ should 
next be determined, as explained in § OS. VHi should now be 
assumed, and d^ chosen at any point on this line. It is well not 
to assume a^ very far to the right or left of an imaginary veilical 
line through SP^. 

From a^ the sides of the caixl will vanish at v^^^ and v^^ re- 
spectively. Measure off from a^' on VII,, to the right, a distance 
(a^^i) equal to the length of the side </"/'" shown in the given 
plan. A measure line through ftj, vanishing at 7w*^ will deter* 
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mine the length of a^h^. Measure off from o^ on VHi, to the 
left, a distance (ci^d{) equal to the length of the side a^d^ shown 
in the given plan. A measure line through d^ vanishing at m^, 
will determine the length of a^cF. 

From i^ and (F, the remaining sides of the card vanish to 
t^ and v** respectively, determining by their intersection the 
pointer^. 

The line aJ^d^ in plan is divided by points t^, «^, and r®. 
To divide the perspective (a^d^) of this line in a similar manner, 
lay off on YHi from a^, to the left, the divisions fx, %i, and r^, as 
taken from the given plan. Measure lines through ^, 8|, and 
ri, vanishing at m~^, will intersect a^cF, and determine t^, ^, 
and r^. 

108. As has already been stated, the true length of any line 
is always measured on YHi, and from the true length, the length 
of the perspective projection of the line is determined by measure 
lines vanishing at the measure point for the line whose perspective 
is being determined. Care must be taken to measure off the true 
length of the line in the proper direction. The general rule for 
doing this is as follows : — 

If the measure point of any line is at the right of 5P^, the 
true lengfth of the line will be laid off on VH^ In such a man- 
ner that measurements for the more distant points in the 
line will be to the left of the measurements for the nearer 
points. 

Thus, m^ is at the right of SP\ The point d^ is more dis- 
tant than the point t^. Therefore, the measurement (d{) for the 
point (P* will be to the left of the measurement for the point t^. 
In other words, since m^^ is to the right of SP^, (Zp which repre- 
sents a point more distant than fi, must be to the left of fj, the 
distance between t^ and d^ being equal to the true length of ^cP^ as 
shown by t^d^ in the given plan. 

On the other hand, if the measure point for any system of 
lines is to the left of SP^ , the true measurements for any line 
of the system should be laid off on VH^ in such a manner that 
measurements for more distant points on the line are to the 
right of measurements for the nearer points of the line. 
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Tbuii m^ itf to the h/i of bP^ Tlie {Miiiit b^ U inart dittant 
tliHO the jioiiit <!*'• Therefoiv, b^^ which tthows the true iiiea8ur»* 
iiieiit for tlie |N)iiit b^\ iiiUht lie Inid oil to Uie rit/ht of a^. 

104. It Hoiiietiiiit*s hap|RMis that n line extends in front of 
thf pirtmt3 plane, ha has already U'on Hcen in the lines of the 
nt*an*st mrner of the pon'h in Kii;. 22. It nmy Iw (le^ired to 
('xtond the line a^\P* in Fif^. 27, in fn»nt i»f the picture plane, to 
till' |H»int //'*, as indirat4*il in the i**rsiH*rtive pn»je<*tion. In this 
CJis«\ the |M»int *i'' iH'inj^ wrf* distant than the |»oint y, and i«** 
Ihmh^ to tljf rijht of SP\ tin* true measurement of rt**y** must l« 
laid off on VII, in such a manticr tliat the nuMtsuivment for a^ 
%vill lie to tlic hft i»f the mcasun*mcnt for y^. In cuher wonls, 
yi must U* on VII, to the right of a**, tlie distance nYj/i showing 
thf true len^h «»f 'I'V- 

XoTK. — Tin* true length 4»f any line whi«li extends in front 
of the picture plane will U* $h*trter than Uie |»ers|iective of the 
liiH*. 

10.">. Having detenniiied the i«»i*spective of any line, us 
«/**♦•**, iis true h'ligth may U» deti'rmin<*d hy <lntwing measuiv lines 
tliMUgh #/*' and #•**. Tin* di.stanei> int4*n'epted on VII, hy these 
mea>un* lines will show the true length f»f tin* line. Thus, i/'V 
vanishes at r***. Its measui-e jmint must theivfon* lie f/i***. Two 
lines drawn fn»m m**\ and [uissing through c'* and t/** res jiec lively, 
%vill intersee! VII, in the jMiints #•, ami »/^. The distmce lietween 
r, and •/, in the true length of r'*i/'*. This distance wid Ik? found 
equal til <f'Vij, whieh is the true measun; for the opposite and 
equal side (♦'*/'*> of the n*rtangle. 

In II similar manner, the true hngth of l^c^ nmy lie found 
hy drawing measuie lim*s from ii<*** throu^di /•'* and cr** resj^ec- 
ti\elv. /"•. will hhow the true length of c«'7#'\ an<l should lie 

• • • 

ef|Ual to 4f''«/,, which is the true length of the (»ppo}%iti* and e<}Ual 
aide f «»•'«/'* ) nf the n*ctangle. 

10«». The j«'rs|>e<'tive (fc*") of a jMiint on one of the rear 
e<Ig<*H of the canl may In* detennined in either of Uie following 
ways : — 

1st. Kn»m A., %vhieh is the inters<*(*tion with VII of the 
measure line thnmgh A'\ lay i»ff on VII,, t«i the left ( § 103f, the 
distance A,fr, e(|uul to the ^"tr'' taken from the given plaiL A 
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measure line through ta^ yanishing at m^, will intersect ^6^ at 
the point ui^. 

2d. In the given plan draw a line through ti^, parallel to a^6^, 
intersecting a^cP^ in the point w^. On VHi make a^Wi equal to 
a^^j as given in the plan. A measure line through tPu yanish- 
ing at m^j will determine w^ on a^(F. From tr„ a line parallel 
to a^b^ (yanishing at v**) will determine, by its intersection with 
b^c^y the position of tv^, 

107. In making a perspeetive by the method of perspective 
plan, it is generally customary to assume VH and HPP co- 
incident. That is to say, the coordinate planes are supposed to 
be in the position shown in Fig. 9, instead of being drawn apart 
as indicated in Fig. 9a. This arrangement simplifies the construe- 
tion somewhat. 

This is illustrated in Fig. 28, which shows a complete prob- 
lem in the method of perspective plan. Comj)are this figure 
with Fig. 27, supposing that, in Fig. 27, HPP witli all its related 
horizontal projections could be moved downward, until it just 
coincides with VH. The point n would coincide with v^\ h with 
t^, and the arrangement would be similar to tliat shown in Fig. 
28. All the principles involved in the construction of the meas- 
ures, points, etc., would reiimiii unchanged. 

108. The vanishing points in Fig. 28 have first been 
assumed, as indicated at v^^ and v^^. As the plan of tlie object 
is i-ectangular, SP" may be assumed at any point on a semicircle 
constructed with v^^v^^ as diameter. By assuming SP" in tliis 
manner, lines drawn from it to v^^ and v^"^ i*espectively must be 
at right angles to one another, since any angle that is just con- 
tained in a semicircle must be a right angle. These lines show 
by the angles they make with HPP, the angles that the vertical 
walls of the object in perspective projection will make ^vitll the 
picture plane (§ 102). 

109. ?«*'* and m^^ have been found, as explained in §97, in 
acconlance with the rule given in § 98. 

VHj should next be assumed at some distjince below VII, to 
represent the vertical trace of t!ie horizontal plane on which tlie 
perspective plan is to be made (§ 91). 

The position of a^ (on VHJ may now be assumed, and tlie 
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perspective plan of the object constructed from the given plan, 
exactly as was done in the case of the rectangular card in 
Fig. 27. 

110. Having constructed the complete perspective plan, 
eveiy point in the perspective projection of the object will be 
found vertically above the corresponding point in the perspective 
plan. 

VHi is the vertical trace of the plane on which the perspec- 
tive projection is supposed to rest. a^ is found on VHj verti- 
cally over a^ in the perspective plan, a^e^ is a vertical line of 
measures for the object, and shows the true height given by the 
elevation. 

To find the height of the apex (^i^) of the roof, imagine a 
horizontal line parallel to the line ab to pass through the apex, 
and to be extended till it intersects the picture plane. A line 
drawn through k^\ vanishing at v^^\ will represent the i^ei-spective 
plan of this line, and will intei*sect Vllg in the point ?/?, which is 
the pei^spective phin of the point wliere the liorizonbd line 
through ^le {ipex intersects the picture phine. The vertical dis- 
tance ?/i?«i, laid off from VHi, will show the true height of tlie 
point k above the ground, k^* will be found vertically almve 
k^^ and on the line tln'ongh //^ vanishing at r"^\ The stndent should 
find no diliieulty in following the construction for the ivniainder 
of the figure. 

111. Fig. 29 illnstrak's another example of a similar nature 
to that in Fig. 28. ^riie stndent slionld follow cai'efully through 
the construction of each point and line in the pei*spective plan 
and in the pei-sj^ective projection. The problem offers no esj^ecial 
difficulty. 

Plate VI. should now be solved. 



CURVES. 

112. Persj)ective is essentially a science of straight lines. 
If curved lines occur in a problem, the simplest way to lind tlii-ir 
j)erspective is to refer the curves to straight lines. 

If the curve is of simple, regular form, such as a circle or an 
ellipse, it may be enclosed in a rectangle. The pei*si)ective of the 
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enclosing rectangle may tiien be found. A curve inscribed 

this perspective rectangle will be ihe perspective of the given curve. 

Fig. 80 shows a circle inscribed in a square. The points of 

intersection of the diameters with the sides of the square give 

the four points of tangency between the 
square and circle. The sides of the 
square give the directions of the circle 
at these points. Additional points on the 
circle may be established by drawing the 
diagonals of the square, and through 
the points w", A:°, rfi, and h^ drawing 
construction lines parallel to the sides 
of the square, as indicated in the figure* 
Fig. 31 shows the square, which is 
supposed to lie in a horizontal plane, in 
parallel perspective. One side of the 
square (a^d^) lies in the picture plane, and will show in its true 
size. The vanishing point for the sides perpendicular to the 
picture plane will coincide with SP^ (§ 52, note). The measure 
point for these sides has been found at m^\ in accordance with 
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Fig. 80. Cirole Inscribed in • 
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Fig. 31. Diagram Showinflc Rquarc L>'inK in Horizontal Plane Drawn 

in Parallel Perspective 

principles already explained, a^by is laid off on VH, to the right 
of the point a^, equal to the true length of the side of the square. 
A measure line through Ji, vanisliing at /?*"**, will determine the 
position of the point 6^. b^c^ will be parallel to a^(F (§ 54, 
note). 
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"n^ (liagDiiHls of Uiu Hi)uua> iimy tie dmwn. Tlioir itit«rHi-c- 
tion will (leU-ntiiiiir Uie |KTwiK-ttiv(' tfiiUT of tlio wiiiiirf, Tlio 
(liHTiifton will juus tlir<iti};li this |>t'is|><Ttiv(' reiiu-r, ihil- vitiiishiiig 
at SI*', and tlio otln-r l^-iiij; i«inillil t.i ,i''J' 
(§ ".4. BoU't- 

'rh<- .iivixli.im ./•■.'■ uii.l ..V «ill sl.ow 
ill tlii'iT trill- si/f. LiiiC!* llir.>iij;li '*' ami/'', 
viiiiislaiijr lit Sr\«ill iiiU'i-si.t tltr -iiMpmalB 
iif tint Kiiiiin-, tliviiij; f.iiir i>"iiil.s mi tlii' jut- 
i*IM'i-live of the tinlf. l-'mir otlicr jHiints on 
llic |ien>i>t.i.'tivt.' of ihv liniv will U- .iflpr- 
tiiiiiiHl \iy Ui<< iiit<-rst'<'ti<>itK of tin- iliiunciur 
with the siiltH of 111.- s<|iiiin-. Tlif [.rif-iM-o- 
tiv<' of tlif ciirvi' tan Im- tlniwii iis imluiilvd. < 

n:(. If till' vuTu- is of \.iv imnnlur - i,,^i„-t„™ 
form, sui'h ;is lli^it slomn in Kij;. ;!-i. il i an 

!■■ iiiolo^-tt in -.1 n(l;iiii.'If. aiul thr n. luiiylc dividwl by HriCH, 
■liiiwn jMiniUi-l to ils si<U-s, inio Muali.t iv.tan>.'lrs, iis iniliiad'd in 
llif )ii;iin'. 

'111.' |«-i>iHcli\.' of [JM- ni lun-^'Ii- witli ils .lividinj; linvt* may 
tlii-n In- foun.I. an<l tli.- jK.-i>.i>i't'Uvu of tii.- i:ur\o clmwii in fiv« 




r« « MmIi.M .f M.L,.n,.l' 

liiiiiil. TtiiH i- sliowii ill I'lj 

ljllil.i|. till' ]«-|>|m'.liv.^. of ih.- 

tho <livi.tin^' lines of tli.' n-t't;i 
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APPARENT DISTORTION. 

114. There seems to exist in the minds of some beginners in 
the study of perspective, the idea that the drawing of an object 
made in accordance with geometrical rules may dififer essentially 
from tlie appearance of tlie object in nature. Such an idea is 
erroneous, however. Hie only difference between the appearance 
of a view in nature and its correctly constructed perspective pro- 
jection is that the view in nature ma}' be looked at from any point j 
while its perspective re[)resentation shows the view as seen frojn 
one particular point, and from that point only. 

For every new position that llie observer tiikes, he will see 
a new view of the object in space, liis eye ahvays being at tlie aj)ex 
of the cone of visual rays that piojects the view he sees (see Fig. 
1). In looking at an object in space, the observer may change his 
position as often as he likes, and will see a new view of the object 
for every new position that he takes. 

115. This is not true of the jx^rspective projection of tlie 
object, liowever. liefore making a perspective drawing, the jxjsi- 
tiou of the observer's eye, or stiition point, must be decided upon, 
and the resulting persj)ective projection \\\\\ represent the object 
as seen from this point, and from this i)()int only. The o})server, 
when lookini^ at the (l^awin<^ in order that it niav coi'i-ectlv renre- 
sent to him the object in s[)aee, must i)lace his eye exactly at the 
assumed position of tlie station point. If the eye is not placed 
exactly at the station point, the drawino; will not appear abso- 
lutely correct, and under some conditions will appi^ar much di.** 
torted or exai^o-erated. 

111). Just here lies the defect in the science of perspective. It 
is the assumption that the observer has bnt one eve. Practicallv, 
of course, this is seldom tlie case. A drawinir is orenerallv seen 
with two eyes, and the casual observer never thinks of placininr liis 
eye in the proper j)osition. Even were he inclined to do so, it 
would genei'ally be beyond his j)ower, as the position of the stiiti(^n 
point is seldom shown on the finished drawincr. 

111. As an illustration of apj)arent distortion, consider tlie 
I)erspective projection shown in Fig. 2:>. In order that the per- 
spectives of the vanishing i)oints might fall within the rather 
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ii:itri>\v limits of tiic i»Iat«*, the .station pnint in tlit* ii^^un' lia« Ihh*ii 
aNsiiiiH'd vorv i\n>r lu tlir jiiriiiri* plaiir, tin' «li*»taMri» fn»in 111*1* 
lt» S I*" .show i 1 114 tlir a>siiiinMl «li>tain I' I'nuu tlu* pa|»«'r at N\liirli 
th«* «»l»M*r\rr >li«»i:l<l pl.uf \\i> ^•\r in nnliT to oiitaiii a nirriMt vit»\v 
«»l llir |KT>jM*rii\i* pi^jtriinn. I'liis ili>t.iiirr is sii .slmrt it is most 
ini|>n>l»al»U* llial tin' Mli>rr\«T w ill ••ri|inaiil\ jilari» liis fu* in llu» 
|»n»|«T jNisilinii wlnn \ii*\\ii!i^' th«* tliawini:. < 'MiistMjUi'nilv thi» 
jnTs|Mrti\f pinjiMiiMh apjMjirs nn»ri' nr l»>s ininatJir.il or dis- 
toit«-<l. r»nt, |mi tin- sakf tit r\|M rinnnt, it ilir stn<l«iit %\ill cut 
a small, round Ip>1(\ om* tjuaitcr ot an Iih li in tliamctrr, from u 
piiri* of ranll»'Mid, plait* it tjinn tl\ in tr«»nt ot Sl*^ an<l at a dis- 
tanrr from tin- im|hi ti|Ual t«» tin* dJNtanrr of Si*" from 111*1*, and 
if lit* will llh-n look at llir drawini^ tliioUL^h tin* ln»lf in tlu» ranl- 
iHianl, I lo^iu;^' tin- »•>«• lit* is not u«*inLr» In* \^ill tind that the un|iI<Mis-> 
ant a)i{Maran< •* ot tin* j» i>|MMii\i» j»r«»jriiion disii|i|K'ars. 

It will llnis In" >« til that unlrs«* ih«* oliM-rvrrs rvt* is in tlio 
|»ro|M'r |iM>itiMn whdr \ifwin«4 a dniwiuL^', tin* |M'r>|MMlivi» |»n»j<»r- 
lioii ma\ i^MNt' a wiy un>ati>la« tor\ npirM-ntaliiiu of tin* iihjfcl in 

s|i.lr»'. 

11><. If th«' ol.Mr\«'r> ('\t' is not v«*rv far n'mo\i»tl from the 
roriiM t |Hi>iuMn, lla* appannl «li>t«»rlii»n will not Ik* j^nsit, and in 
tin* niaj«»rity Mt ia>«s will !»«• unnoiirralilt*. In assumin;^ lh«' |n»si- 
ti'»n f<»i ihr station jioinl, t an* should U* taken to <'hiMis4' suih li 
[■•Nili.in that th»* tiliMi\rr will naturally j»la»r lii> f\«-s there when 
\ifwini; tin* diawiuif. 

1 r.». A«» a |»«i>«»n natuiall\ ln»hK any oIiJimI at width he U 
hnikin;^' tliriM il\ in finnt «»! hi** i\»«<, thf tii>t thou:^djt in assuming 
tilt* station jMiint sliMuhl U- to jilatt- it sm that it will et»me very 
ln'arl\ in tin- tf ntt-r i«f ihf j«ii-sjnnti\f pioj»tlitin. 

\'2*K ruitlM"im«»rr, tin* n««inial «\t' stts an o|ijt*et nn^st dis- 
tiiHtU wh«n alniui t«'n influx awav. As nufwill s«*Ith»m iJaei* 
a drawin*^ ntairr to his i-Nf than tht* ilistant-e t»t di»»lintt vision, u 
piNwI '^fmral ruh* is to niak«* the inin'nnum diHtan<-e U'twei*!! the 
statitin ]H>int aiitl the piitun* plant* alnMit tm indit's. F<»ra small 
tlnw'ini^, li-n intlifs will U* alnait riirht ; hut, as ihf dr.iwinij in- 
ert-. i^-s in si/e, tin* tihst-rvrr naturall\ h«»l«ls it farther antl farthi*r 
fioni him, in onlt*r ti> endirati* the wht»le without having ti» Uiru 
Wis eye Umi far Ui the ri^ht «)r lefL 
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121. Sometimes a general rule is given to make the distandii 
of tlie station point equal to the altitude of an equilateral tri- 
angle, having the extreme dimensions of the drawing for its base, 
and the station point for its apex. 

122. The apparent distortion is always greater when the 
assumed position of the observer's eye is too near than when it is 
too far away. In tiie former case, objects do not seem to diminish 
sufficiently in size as they recede from the eye. On the other 
hand, if the observer's eye is between the assumed position of sta- 
tion point and the picture plane, the effect is to make the objects 
diminish in size somewhat too rapidly as they recede from the eye. 
This effect is not so easily appreciated nor so disagreeable as the 
former. Therefoie it is better to choose the position of the station 
point too far away, rather than too near. 

128. Finally, the apparent distortion is more noticeable in 
curved than in straight lines, and becomes more and more dis- 
agreeable as tlie curve approaches the edge of the drawing. Thus, 
if curved lines occur, great pains should be taken in choosing the 
station point ; and, if possible, such a view of the object should be 
shown that the curves will fall near the center of the perspective. 

124. The student should realize that the so-called distortion 
in a perspective projection is only an apparent condition. If the 
eye of the observer is placed exactly at the position assumed for 
it when making the drawing, the perspective projection will exactly 
represent to him the corresponding view of the object in space. 



SHADES AND SHADOWS 



1. Tin* ilniwiiitjs of wliirli an ari'liittrt inakrA ust» can l>e 
divi<lt*4l into two ^MMirral kiiuls: thos«» for tlf^i^iiin*; tin* l»uil<ling 
Riiti illustrating t^i the clirnt it^ M'hfinr an<l u|)|M*aran(*t*; hinl 
••w«»rkifi<: <lrH\\in»^>'"' whirli, as tlifir nann* ini|)lii\*«, art* tin* draw- 
in^s fn»ni wliirh tin* iMiildintx i?* t*rtM*i<Nl. Tin* lirst class inclutlcH 
"stii«lit>," "preliminary skftchfs,** an<l '* nMnlrnHl ilniwiii^." 
Wtirkin^ <lni\vin^> ciinsisl of tiinirnsioniMi tlniwin^s at variouH 
fk'ulrs, and full si/i**] details. 

!i. It is in tin* drawini^^ of the tir^t kin<i that **shadcs and 
Hhadow>" an* «'ni|iloyt*<l, th«*ir um* U*ini^ an aid to a nn»n* truthful 
and rt•ali^tit• rf|in*>«*nlalion of tin* huildinur or ohjivt illustniti*<l. 
All archilt*t*tural dniN\in»:»- an* conventional; that is to say. they an* 
nnwh* acrtirdinjj to c»*rtain ruh's, hut an* rnit jiicturrs in tin* sens** 
that a jiaintcr n*|in*M*nts a huildint/. Tin* sotirci* of li^ht casting 
tin* shadt^ws in an architt*<*tunil n*|»n*st*ntation of a huildint; is su|»* 
|HiM*<l t«» U% as in tin* '*|ii<'tun**' of a huildinj^, tin* sun. hut tin* 
dinvtion <»f it«* rays is ti\«*<l and tin* laws of li»rht ohs«*rvt*il in natun* 
an* aUo soiufwhat ni<M|iti(*4l. Tin* jiur|K»si* of tin* archittvt's dniw- 
in^ i> to t'Nplain tin* huihlin^, tln*n*fon* tin* laws of li«^ht in natun* 
an* followt**! onh to tin* fxtrnt in wliirh tln*y ln*l|» this (*\|ilanati(Mi. 
an«l an*. tln*n*fon*, not n«*<*fy?«arily to U* follow (m1 con^i^tt'ntly or 
fiMiiplrtfly. Tin* ti\i*<i din**'tion of tin* ^un*s rays is a further ai«l 
to tin* |iur|M)s<* of an an*hit(*<*tunil ilrawin«i in that it ^iv<*s all the 
dniwin^s a certain uniformity. 

«i. I>efinitions. A el(*arundt*rstandint: of tin* follow in*: terinii 
i^ nt*<vssary to insure an under^tandin;: (»f the e\|ilanation> which 
foUow. 

•I. Shihl* : When a UmIv is suhjectt**! to niys of lij^dit. that 
|M>rtion whieh is turn***! away from the sounv of li^ht anti whieh, 
then*fon*, d<N*s not nveive any of the niys, is paid to U* in shaiie. 
S*^ Fi^. 1. 

6. Shmltnr: When a Murface irt in li^ht and an ohjt*ot it 
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placed between it and the source of light, intercepting thereby 
some of the rays, that portion of the surface from which light is 

thus excluded is said to 1)6 in shadow. 

0. In actual practice diBtinction is seldom made between 
these terms "shade" and "shadow," and "shadow" is generally 
used for that part of an object from which light is excluded. 

7. Uii>hra: That portion of space from which light is 
excluded is called the umbra or invisible shadow. 

(a) The umbra of a point in space is evident!; a line. 

(b) The umbra ol a line is in general a plane. 

(c) The umbra of a plane is in general a isolid. 

(d) It is also evident, from Fig. 1, that the shadow of an object upon 
another object is the intersection o( the umbra of the first object with the 
surface of the second object. For example, in Fig. 1, the shadow of the given 
sphere on the surface in light is the intersection of its umbra (in this cose a 
cylinder) with the given surface producing an ellipse as the shadow of the 






8. May of light: 



The sun is the supposed source of light 
in " shades and shadows," 
and ihe rays are propo- 
gated from it id straight 
tines and in all directions. 
Therefore, the ray of light 
can be represented graph- 
udly by a straight line. 
^iiice the sun is at an in- 
liiiitt* distance, it can be 
sjfel^ assumed that the 
rajs of light are all par- 
allel. 

'.I. Plane of light: A 

plane of light is any plane contiiiniiiga ray of light, that is, in the 

sense of the ray lyiiij; in the phuie. 

10. Shtnle liiu-: The line of separation between the portion 
of an object in light and the jiortion in shade is called the shade line. 

11. It is evident, from Fig. 1, that tliia shade line is the 
boundary of the shade. It is made up of the points of taogency 
of rays of light tangent to the object. 

1:2. It is also evidi-iil thut the shadow of the object ia the 
space enclosed hy the shadow of the shade line. In Fig. 1, the 




8IIAI)F>^ AM) SHADOWS 5 

Hhmlt* liiif (»f llu»^ivi»n ^pluTois a rjri»Ht cirfit* of the 8{>lu»rt\ Tlie 
sliHiiow of this^ffal cirflf on llii* ^ivni planr ir< an t*llittfk*. Tlie 
|K>rtioii within tht* (*llipH4* is tht* ^ha(h>^v of tht* Hjilion*. 

NOTATION, 

I'A. In till* followini^ «*\planationrt the iiotatioii usual in 
orthoj^raphic jirojivtionH will U* followtMJ: 

II horizontal coonliiiate plant*. 

V vertical ro-onlinat«* olane. 

it |K»int in spare, 

fi^ vtTlieal projtvtion ic»r elevation) of the [>oint. 

<!** h(»rizonlal j»n»jtvlion ,or plan) of tin* |M)int. 

ti^" shadow on \' of tin* |M»;nt </. 

ti^"* hliadow on 11 of tin* |H»int */. 

U niv of lij^ht in ^j^:u•t♦. 

K* vt-rlieal pn»jfftii»n .t»r elevation* of niy of li^ht. 

K*» horiziintal projt»<'iion lur plan) of my *»f li^ht. 

<iL i^Tonnd linr, rrfrrs l<» a jilane on whieh a sIumIow is to 
Ih* i*a^t, an«l *» f/i'/fjn''i>'f,»'/i xf'flii jitiiii, trhith IS ti Ihif, 

11. Ill (irt)ttH;r;iplii«' priiji'^-tHin n );iv»«n |M»int i»* «lft«Tmin<»<l by **|»n»jivt 
inft" it u|Hin It Vfrtinil nml ii|Min n Iton/^Mitnl |>lnn«*. In rt*|in*M*ntin|^ thc^tu* 
plAn«'-» u|«ifi It --litN'i «if Jr.iwiuu pajHT it ih evulfnt. »*iru-t» t!u»>* art* at right 
AnKl**'^ to «*n«*)i othfT. t!mt \% )i«*fi tin* plnncof the |>n|¥«r 
ri*|»n»?*«»ntH V tin* \«Tti' al 'No »irtliimt«' ' platH' ,t!)«*hi>r «si^^ o 

iX4»nt«l '•«•«» «»r«im«li'" |»lan<» H. wmilil I «• M*«»n ihhI n-p i lO ^ 

n»-^*ril<»«l «•» « hon/cir^tnl lifif, I'li: *J. I i«r f#r/«*i, ulifU Vertical 

lh»» |»lnmM»f lh<« |»n|«T r»«pn-»«'f.t«* H thf hMn/.oiital r<» Co-ondineJc 

ortlinnto plane ,t)ii» v«'rti.alri» <>rilinn(«> plnnr V. w«»iiM (x^Uic 

lit* MN«n nfitl ri>pri*M>nti'<i liv n Itnn/ontal lm«*. Kit*. *J. t-j k^^j^q^ 

l'». In ftr»hiliN'tiiral ^Irawinu"* havin^iC thf «'1»'V« ^ 

tit»n an*l plan** u|i«»n l)n» .•^aiui* "li***'!, it i-^ ru.'»t<»ninr> t«» \yr Kl/vnc 

plaot* th«» "flfViitiDn," or virti«al pn«jiMtion, nlMivi* lh«» 
plan. a.H in Fit'. 2. MorizonW 

It i«* fN nli'nt l!»at t!i«' •ii-tan«'" l-iwii-n ih** tuo Co-or3ine^tc 

|tn>untl liiu*** cnn Xn- that u lii«}i U«~t -.wit- • ••n\ ••rii«'n«i«. bl&fX 

!•». A-* t )»«• prol»li'fn-« I'f tifulihij t)s»- -liailr- ati<l 
nhaclow** of t»)»j«t t-» art' pr«'l 'I'lit » «l»Mlii.i; uitli |««iirit-«, 

limir*. Hiirfarr.*. nij«i -oli.l-. il.i v ar*' •Jiali with a- pr«»Momj» in D<vrriptiTi» 
<M^iiii««tr>. It iH n«'>utiitMl tlial th«« "tiKhit i«< f.innhar with t!io prineiplt* of 
«rth»»craphn' pr»»)f« ti«»rj li» ihf fi»lU»w n j; pr>*l*U'ni^. t)ii* o)ijiH't^ an* r««fi*rn*tl 
to th(* U'«ual «'o 4ir«linat«* piar;«>*«. )>ut n-^ it i- tiDiiHiial in nr«*)iiti*<(*tural (IrawiniTr* 
to havr> tht* plan Mai -Ifvntion on th«* •^nui<* ^)i«'«*t. t At> ground linen an* iiard 
irmti^ad of one. 

17. Ray of Lijcht. Tin* as^tnne*! dinvlitin of the eonven- 
tional ray of li<^ht K. i*« tliat of tiit* diai^'onal of a cuIm*, Blopin^ 
downwani, forwani and to the ri^ht; the euU* Ihmu^ plaotnl so 
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that its faces are either parallel or perpendicular to H and V. 
Fig. 3 shows the elevation and plan of such a cnbe and its diagonal. 
It will be seen from this that the II and V projections of the 
ray of light male anr/Jes of do^ioHh the ground lines. The true 
angle which the actual ray in space makes with the co-ordinate 
planes is 35* 15' 52' This true angle can be determined as sbown 
in Fig. 4. Revolve the ray parallel to either of the co-ordinate 
planest In Fig. 4, it has been revolved parallel to V, hence T if 
its true angle. 





18. It is important in the following explanations to realize the 
difference in the terms "ray of light," and "projections of the ray 
of light.'' 

SHADOWS OF POINTS. 

lU. Problem I. To find the shadow of a given point on a 
given plane. 

Fig. 5 slio\\s the plan and elevation of a given point a. 
It is required to find its shadow on a given plane, in this case the 
V j)lane. The shadow of tlio ])oint a on V will be the point at 
which the ray of liglit passing through a, intersects V. 

Tlirough the II ])rojection ^/*^, of the given point, draw E*^ 
until it intersects the lower ground line. This means that the 
ray of light through a has pierced V at Boine point. The exact 
point will be on the perpendicular to the ground line, where R^ 
drawn through a"' intersects the perpendicular. The point a^^ is, 
therefore, the shadow of a. on the V plane. 

R^ is also the V projection of the (imhra of the point a and 
it will be seen that the shadow of a on V is the intersection of ita 
umbra with V. 
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20. Ki^. ^ hIiowh tlu* oMitftriiotioii f(»r tiiuliii^ the shadow of 
a ]KMnt it on IL 

21. Fig. 7 8howa tho constrnction for finding the shadow of 
a point ti^ which is at an e<jual dlstanco fnmi both V and H. Ita 
shadow, therefore, fulls on the line of intcrt^trtion of V and H. 

22. Fig. 8 shows the construction for finding the imaginary 

f f f ^ nc-s 



i\ 




shadow of tho jxiint '/, pituat(*<I na in Fi<^. H, that i^, nearer the V 
plane than tho ][. Tho Hf*tu:il shadow wouM in this case fall on 
Vi but it is sotnotimes necessary to find its imaginary shadow on H. 
Tho nieth(Hl of determining this is simihir to that explained in 
connection with Ki*:. r>. 

Draw K^ until it inet^ts the groun«I lino of II. 

EriH't a per{M*ndicuhir at tliia {M>int of intersiKrtion. 

I>raw n\ 

Tlie Intersection '/^\ of the latter and the p<*r{»i*ndicalar, is the 
rec^uiretl imaginary shadow on H of tho ]K)int it. 






23. The actual shmlow of a given ])oint, with reference to 
the two co-ordinate planes, will fall on the nean*r co-ordinate plane. 

24. Fig. U shows the coustructiun for finding the shadow of 
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a given point a on the Y plane when the vertical and profile 
projections of the point are given. 

25. In general, tJie finding of the shadoto of a ffwonjnnnt 
on a given plane is the same as tJ^e finding of the point of inter* 
section of its umbra with that plane. To obtain this, (mejprojee* 

tion of the given plane m/ust 
he a line and that is used as 
the ground line. It is neoea- 
sary to have a ground line to 
which is drawn the projection of 
the ray of light, in order that we 
may know that the ray of light has pierced the given plane. 

SHADOWS OP LINES. 

26. Problem II. To find the shadow of a given line on a 
given plane. 

A strftight line is made up of a series of points. Rays of light paasiiig 
through all of these points would form a plane of light. The intersection of 
this plane of light with either of the co-ordinate planes would be the shadow 
of the given line on that plane. This shadow would be a straight line because 
two planes always intersect in a straight line. This fact, and the fact that a 
straight line is determined by two points, enables us to cast the shadow of a 
given line by simply casting the shadows of any two points in the line and 
drawing a straight line between these points of shadow. 



FIG-IO 




FIG-Il 




In Fig. 10, a^h^ and aH^ are the elevation and plan 
respectively of a given line ah in space. Casting the shadow of 
the ends of the line a and h hy the method illustrated in Problem ] 
and drawing the line a'^^l/''^^ we obtain the shadow of the given 
line al) on V, 

27. Fig. 11 shows the construction for finding the ehadow 
of the line ah w^hen the shadow falls upon H. 
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28 Fip. 12 showB the construction for finding the shadow 
of a line so situated that |>art of the shaili^w MU u|H)n V and the 
n*niainder on H. To obtain the nhadow in Huch a catic. it niu^t l»e 
found whollij OH cith* r intt' nf thf i'o.nriliimt* jthtiifM, In Im*'. Ivl, 
it has l)een found wholly on V, r/^" Ikmhi^ the actual shallow of that 
end of the line, and h"^ Ihmh^ the iniHt^iniiry ^hu<^i»w of ihe end A 
on V. Of the line n'^^h^^ we use only the |>iirt </**<•*% that 
InMng the shadow which actually falls upon V. 



PIG* 12 




FIC*I3 




FIG -14 



The |M)int where the shallow leawg V and the |)oint where it 
he^ins on 11 are identical, so that the U'l^innin^ of tht* shadow on II 
will be on the lower ground line dirft'lly U'low the ikmiiI *'"*; ^^ 
will tht*n U* one jMiint in the shadow of the lint* on II, and existing 
the shaiiftw of the end f' we obtain /**'*. The line r^7/^\ drawD 
lH*twt*en these |H»ints, is evidently the reijuirtMl shadow on II. 

2\K Another niethtMl of cJistin^ the shall- 
ow of such a line as >th \s to <leterniine thf 
entin* shallow on each plam* indf|»tMMli*fitlv. 
This will C4iUS4* tin* t\\t» shadows to cro.^s tin* 
ground lines at tin* same jHiint '-. and iif tlifst* 
two lines of shadows we takt* only tlir artiial 
shaiKmsas the re)|uir(*<l ^l*^ult. Tln^ iiifthtMi 
involves unntvessarv construction, but ^llould 
U» unilerstiKxl. 

'M^, Fig. \'*\ shows the miiHtruetion of the 
^hallow of a givtMi lim* mi a |i]ari«* to wliii'h 
it is |karallel. It ^hould In* iiot«*<l that tin 
»hu*l*nr m (htn 4 fiMt is j*>i nil L I ,i n*! * 'ni'if 4 n l> n^ftlt f" tli* t/ir*ti I tut'. 

31. Fig. 14 shows the con^truction of the shadow of a given 
line 00 a plane to which the given line is ]M*r|iendieular. It is to 
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be noted that the shadow coincides in direction with ths projection 
of the ray of light on that plane, and is equal in length to the 
diagonal of a square of which the giveu line is one aide, 

33. Fig, 15 shows the construction for finding the shadow 
of a curved line on a given plane. Under these conditions we find. 
by Problem 1, the shadows of a number of points in the line — 
the greater the number of points taken the more accurate the re- 
sulting shadow. The curve drawn through these points of shadow 
is the required shadow. 

33. In Fig, 16 the given line ah is in space and the prob> 
lem is to find its shadow on two rectangular planes mtiop and nrsOy 
both perpendicular to II. 

Consider first thti shadow of ah on the plane ninnp. The 
edge nil is the limit of this plane on the right. Therefore from 
the point 1^ draw back to the 
given line the projection of a 
ray of light. This 45" line in- 
tersects the given line at c*". It 
is evident that of the given line 
FIG15 ^ 



FIG-16 




^nnp and 



inder, vh, c 



ally the part '/'■ falls on the plai 
the ])lane iirKo. 

To find the shadow of ae on the left-hand phine we must first 
determine our ground line. Hie tjruiind line v'lH he that jii""- 
-}c<-tlon ofthc j'Un>.- i;'<-v''\uuijih,- shiid-'ii^v-hh-htK a line. In this 
example the vertical projection of the (ihuio luiiKp is the rectuni^le 
ni'^ ii" «'' p'' . This j)rojecti()n cuuiiot, tlieii'forc, In* usi'd as a GT* 
Tile j)lHn, or Kj)rojeution, of this jilane is, liowvver, a line »«>/*>•. 
This line, theivfore, will be used as the ground Hue for finding tb* 
shadow of ac on innop. 
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ii<) lIiK r>lm<)uw of <■ at C, 



of tlio 



iiirtnl 



piC'i7 



Wf timt tilt' shadow of n Ui U' nl n' 
rn.1.1,-1,, I. TIw liii,. .r.- in, tli.'tt-f..r 
hIihiIow. TIu> rfiiiaiiiin^ |«rt, f-*> is fuiiii<) in ii piiiiiliir iiiHniitT. 

34. Tliti mIk>v<> iiliititnittfa the iiu'tluHl of tlctcmiining the 
<iL when tht) tihndou' FnlU oiiim fuiiiic iilwrii' uthtT than s 
i-o-un)iiiittit piNiif. In v)im< lu'itluT projtiotioti of tbu gireo plane 
id a line, tUtt shallow must Ix' deter- 
iniiii-'l \<y iik-iIknIs which will U' t-\. 
jilttititil lulrr. 

SHADOWS OF PLANES. 

:r>. Problem III. To rind the shad- 
ow of af['vcnpl«neona iclven plane. 

I'hiiHt nurfin'oit art' ttoumhil by 
^l^:li;•^lt or ciirv.-.! liii.n. Find tho 
hluulowH of (ho lH.inMliii<r liii.-rt l.y the 
iiii'thoil ohuwii ill I'rohlfm II. The 
n-milling ti^re will !h> Uit) n-qairMl 
fhivlow. 

■W. Ill Ki^;, 17, the piano c^'cisao 
fiiiiiUol ihitt ilH KliHtliiw fnlls wholly 
ii|>iiii V. Thr nIiailoWH iif its iHtiiiidiii^ lines, <ih, }h; <si barebeeo 
foiMidhy rrohlfiu 11. 

Tliat portion of the 

PIC-l8^b- PIC-19 sh«.l..w lii.hleii hy Uie 

plamt in elevation U 
crurts-hHtchitl alon^ the 
til^e i)f the Khwiow only. 
Til iri method of imiical- 
in^ aetnal shadows 
whieh ar<> hidilen by 
the €ibj.M-t irt lo W fol 
lowe^I in working out 
the prohlenis of the exaiiiination plateti. 

•^~. Fi^. l^Khowlttlle i-onKlnielion of the shallow of a plane OD 
the eo'Onliiialo plniie to which the ^iven plane is |Mrallcl. (In 
this ejiM- tile Vertical plane.) It is I'l Ik> olntervi-il that the iJnttlow 





A^ 



^ 



-^ 



,.,.,:i : 



.1 tlllll n/l'ljlr f<l t/l. Ijif II J'f'ltli . 



Fig. 1*' vbuwa that, in uue of a circle parallel to uue of the 
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co-ordinato planes, it is only necessary to find the shadow of tbe 
center of the circle and with that point as a center conBtmct a 
circle of the same radius as that of the given circle. 

NOTE: 

39. Any point, line, or plane lying in a surface ia considered to be its 

ovn shadow on that surface, 

40. A gtirf ace parallel to a ray of light is considered to be in shade. 
11. In the above problems the jioints, lines and planes have beea given 

in vertical and horizontal projection. The methods tor finding their ahadowa 
are, in general, equally true when the points, lines and planes are given hy 
vertical and profile projection or horizontal and profile projection. 



i^HADOWS OF 50LIDS. 



42, The methods fir 
nature of the given solid. 
by plane surfaces, none ol 
the co-ordinate planes, cai 
shadows of all the boundi 
polygon, the sides of whii 



finding the shadows of solids vary with the 
The shadows of solids which are bonnded 
which are parallel, or perpendicular, to 
"n general, be found only by finding the 





impossible, tberefori', lo 
rays of light and doti-nii 
i^hade. (.'oiise(]iii'iill_v w 
shadows would form the 



ng planes. These will form an enclosed 
zh are the shadows of the shade lines of 
the object, and the shade 
lines of the solid are deter- 
mined in this way. The 
following is an illustration 
of this class of solids. 

r-i. Problem IV. To 
find the shade and shadow 
of a polyhedron, none of 
whose faces are parallel or 
perpendicular to the co-or- 
dinate planes. 

Kig tiO shows a poly- 
ln-iiion in such a position 
and of such a shape that 
jione of its faces are per- 
jjfiidiciilaror parallel to the 
co-ordinate planes. It is 
i|i[)!y l(j lliiH figure tiie projections of the 
111- wliat fin'i'S are in light and what in 
- ciiiiiiiit th'ti'rniiiie tlie shade line whose 
liadow of thf object. 
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I'tiilrr tArj-r rir<:ni.iir,i,i'e/. ,r.- mimt .yi^t (}„■ ului.l.^m 4,f alt 
!hf biitnui'irij i-'/i/rii <•/ t/ii- ••fij.i't. Soriit* of tln-w Hum of eliwlow 
will furrii b pol\yuii. thf otlit-ra will fall itiHidt- this |miIv^ii. Tlie 
tnl^eit of tlif olijt«t wlioM- ttliBdowH funii t)i<> iMiiiniliti); litiea of the 
]Nil\yuii of mIuuIow art' tlie Hliiulf liiicH of tlic yivcii olijeot. Know- 
ing tilt* itliade lirii-H. iht- li^lit mul hIiwIihI [Kiriionii of the »bjtM:t can 
now W il<-t<Tiiiiiif4l. fincf tlii-rn- an- Ht'|)aratc*) hv llif kIiimIi' lint's. 

l„.i l„-,.hU,„ ../ tl...i;„.i .■.,.. ^h.:,l.fh. t.,L.„ t- l,tl,r..r 
H,nH>Hrth. (d.j.a ■■/ tl.. ;/.",•,» ..f.}..-l. 

44. Tliti f«)^ris of thi< [mlvhi-drou pIiowh in Y\^. 20 «n> oi, 
4.-. .■./, ,/./. «.■ and U. 

Cast the shadow n of each of tbt^M't^lrai^ht lini-s hy thu method 
shown ill I'rol.Ii-tii II. 

AVf thuti o)>tain a |KilYf!on Itoundcd 
hv the lint'B i"t", <■*%/", (i"6", and 
lhi>'|H>lv^.». i>lh<-.ha.h.»ofth.-^'iv.'n 
»..li.|. 

Thi- Jini'a which c«st tlnw lines of 
shadow, /*".■", ('"((", and <r'b^* are 
then-f.in- thf shaiie Iiii<-s of thf ohject. 
and, iht-rcfoiv, ilie faw <if"- i» in lifiht 
and thf fmv« ■»'"/, '"■■/ and iK'd i 
in shade. 

Tin- fhadowe of thf fdm*B /«/, '/'•, and 
aii falling within tho [tolv^on, indi- 
rate tlial they art' Out shadf lim-s of " 
the jjivfo oJ.jivt, and. th.-n-fon-, thfv 
Be[uirmte two faci-B in shade or two 
fac-a in lij:ht. In this .-xanii.Ie /«/ ""^ 

and '■'/ M'|Mirate two dark fnci-s. 

In architectural dniwiri^^ the o)>j<-ft ii^-nallv Iihh a siltKcient 
nunilwr of ltd jilanfs j)iT[ii'N<liiMi[ur or ]>urH)lfl to tlie cu.urdinatv 
planes, to |ifnnit itti chudow U-iii^ found li_v a fini|ih'r and morv 
dintct method than the oue just t'X{jlui»i'<I. 

45. Problem V. To find the shade and shadow of a piiani 
on the coH>rdlnate planc.i, the faces of the prism belnjc perpen- 
dicular or parallel to the V and H planes. 

In Fig. '.'1 BiK^h a j-rii'in i» ahown in plau and elevation. The 
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elevation shows it to be resting on H, and the plan shows it to be 
situated in front of V, its sides making angles with V. Since 
its top and bottom faces are parallel to H tod its side faces per- 
pendicular to that plane, we can apply the projections of the rays 
of light to the plan and determine at Oi.ee which of the side faces 
are in light and which in shade. The projections of the rays R' 
and K^ show that the faces ah(if and ad If receive the light directly, 
and that the two other side faces do not receive the rays of light 
and are, therefore, in shade. The edges Ig and di are two of 
the shade lines. 11^ and K* are the projections of the rays which 
are tangent to the prism along these shade lines. 

Applying the ])rojection 11^ in the elevation makes it evident 
that the top face of the ])rism is in light and the bottom face is in 
shade since the prism rests on H. This determines the light and 
shade of all the faces of the prism, and the other shade lines would 
therefore be he and id, 

(^asthur the shadow of each of these shade lines, we obtain 
the required shadow on V and II. 

It is evident that the shadows of the edges hg and di on 
H will be 45° lines since these edges are perpendicular to II (j:^ 81) 
Also, their shadows on V will be parallel to the lines themselves 
since these shade lines are ])arallt*l to V, (^ 8()j 

4^). Ill general, to find the shadow of an object whose planes 
are parallel or j)erpendicular to II or V: 

[1) A])[)ly to the object the projections of the ray of light to 
determine the litdited and shaded faces. 

[2) These determine the shade lines. 

[3) Cast the shadows of these shade lines by the method fol- 
lowed in Problem II. 

47. Problem VI. To find the shade and shadow of one 
object on another. 

In Fig. 22 is shown in plan and elevation a prism B, resting 
on II and against V. Upon this prism rests a j)linth A: To lind 
the shadow of the ])linth on the ])rism and the shadow of both ol 
the co-ordinate planes. Since these objects have their faces either 
perpendicular to, or j)arallel to, the co-ordinate planes, we can deter- 
mine immediately the light and shade faces and from them the 
shade lines. 
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4*^. ConBidering firnt tlie j»linth A, it is evident that its top, 
left-hand and front farrs will rf<vivt» tlif li;:ht, that tlie lower and 
right*hand fan»8 will Ik» in hh:i<lf. Tin* hack faro ifsting against 
the V plane will Ik^ its own shadow (»ii V . t ^ 'A\h TIh* nhadt^ lines of 
A will be, therefore, \f\j]/t [f* J»nd "/. 

Cast the F)iad<»wd of these lines. A n»ht8 apiinst V and jwirt 
of its shadow will fall c»n V ; u1.m», sinee it rests on 15 the n»niainder 
will fall on l^. iM't^iii >\ith the |>oiiit r, one v\A of the bIuuIo line; 
thia jK>int, King in \\ U its own shadow tm V. (^ 8<.h. 

Ilio lino */ iH'ing jHTjMMidienlar to V, its shadow, or as 
much of its Fliadow as falls <»n V, >\ill Ih», therefon*, a 4.V line 
drawn from f\ The |M»int 0\ in ]ilaii, shows the amount of the 
lino #y*whieh falls on V, tin* n-^t (f falls cm the side face of the 
pri8i:iy and this shallow is not vi>ihle in elevation or plan. 

Tlio shadow of the iioint f' evidently falls on the vi\\ni of the 
pr'.fini aty^, H4H? plan. This jiointy* 
is one end of the shade lineyy, there- ^^ 

oroy IS Olio ]H)iiit in tin* sliadow ol ^^^ Sj 

j]/ on the front face of the pri>iu U. * y ^ ''I^ ty 

Tlielineyy iK'ing jaintllel to this front **^ pf^fcCT^v 
facv, its shadow will Ixj parallel to tho \ "*^^ ^ 

line, then*foro from the |Mnnty*^ wo 

draw the horizontal lino rr\ 

• « 

If from the |ioint r,"* we draw the 
pnijei'tion <»f a ray of lij^ht ha<*k to 
tho l*hade line /*'«/* we dfli-miine tin* 
amount of tht* linf ea^tin^ a shadow 
on the front faee of 1», that i- to r.a\, thi* 

distaneoy^/^ The shadow of the ninaindrr, /\'/% falls lM*vond the 
prism on tho V jilant-, and is e'identiv the line r^"y'». Tims 
the fthatlow of th<* shade line fr«»m > to «/ ha^ )h«ii (h*trnnin«ii. 

I1ie next |iortion of the shade lint*, '/'-, is a vertieal lino and 
we have aln*ady ohtain«il th«* shatlow c»f tho eml #/. S^ineo it is a 
Tertieal lino its hluidow on V will U* vertieal and iMpial in length. 
Theri'foro draw y"t ". 

Tliero remains now only the etlj^^*, *#/, of whieh to cast the 
shadow. Tlie end '/ In-intr in tho V plant* must l»e its own shadow 
CD that plane. (^ 'A\h We have already f(Uin«l tlie shallow i>f the 
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otber end e, n if*. Therefore d'd" ia the shadow of de mm 
oompletee the oatUne of the shadov of the plinth. 

It win be noted that d'o'" is a 46° line^ which would be 
expected since die edge de Is perpendicular to Y. 

49. Considering next the prism B, we find by applying liba 
piojections of the rays of light to the plan, that the front and 
left-hand faces are In light, and that the right-hand face ia In 
shade. Therefore the only shade line in this case is the edgi 
mn. The tipper part of this, m*r,* is In the shade of Hm 
plinth and thwefore cannot cast any shadow. 




It is to be noted that the ray of light from the point r* In th» 
plinth A passes through the point r^ in the shade line of the 
prism £. In finding the ehadow of tliie point at r'* we therefore 
have fonnd the shadow also of one end of the shade line nr. 
Since nr is vertical, its shadow will be vertical on V, There- 
fore draw r'^o'". This line completes the shadow of the two objecta 
Qpon the y Diane. 
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Fn>in the jK)int of shadow ic^* draw the V projection of the 
ray back to tlio line /<^/',\ This shows liow innrh of the total 
line fir falls ujKin V, and liow niurli iijHin IL 

Tlie shadow on II of tlie (tortion mr will be a 45^ line since 
nw is jHsqiendicuIar to II. TIie|>oint n being In the 11 plane 
b its own shadow on that plane. 

It is to be nottnl that the jioint tr*»« Is on the perpendicular 
directly below ic^\ 

&0. Problem VII. To find theshade and 5hadow of apedestal. 

Fig. 23 shows the plan aiul elevation of a ])ede8tal resting on 
the ground and against a vertlcid wall. Tins is an application of 
the preceding problem in finding the shades and shadows of one 
obji*ct U]K)n another. Tlio profile of the cornice moulding on 
the left, at A, can l>e usi*d as a profile projtH:tion in finding the 
shadows of those mouldings on themselves and U|K)n the front face 
B, of the |x*de8tal. By dniwing the jirofile projtHrtions of the rays 
tangent to this profile of njouldings, it will l>o FtN*n what edges are 
lihade lines and where their shadows will fall on the surface of 1*. 
The line a^h^ can Ih) assunuMl to be the profile projection of the 
front face of B, and In-ing a line is Um-<1 as the *jnniiid Inie for 
finding the shadow on B. As this cnllection of mouldings is 
parallel to the V plane tht* ir sliadfs and sliadows will be jtarallel 
in the elevation. Olherwirio the shadows of this jnHlestal are found 
in a manner similar to the preee<liijg jirobh-in. 

Til. Problem VIII. To find the shadow of a chimney on a 
ft loping roof* 

Fig. 23a shows in elevation un<l side elevation the chimney 
and roof, Tlie chimnfy it.M-lf Inin;^ made up of pri^lll?^ witli their 
planes j>arallel or |)tT|K*ndicular to the V plane, its li^'lit and shade 
faoi*8 can be determintMl nt uihv% as in rrubleiu V. It will be 
evident from the figure that the top, fn»nt, and left-hand fac(*s of 
\heclumneyin elevation will I)o in light. Tlie ri*maining faci*s 
trill be in shade, and the shade lines >\ill l)o therefore, y7, on the 
back, tJ'\ c\ and hr, Xt>t all of hr and yd will cast shadows 
for the shadow of the flat band, running around the up|K*r |uirt of 
the chimney, will cause a |M)rtion of tliet^e two lint^s yd and &r 
to be in shadow and such j>ortions cannot cast any shadows. (See 
Problem VI — the shadow of one obji^t upon another.) 
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It is evident that, to find the shadow of the shade line of the 
chimney npon the sloping roof, we must have for a ground Kne 
a 2>rojectlon, of the roof which is a line. The roof in elevation 
is projected as a plane, but the side elevation (or in other words 
the profile projection) shows the roof projected as a line in the 
line /<i'yP. This line will be then the ground line for finding 
the shadow of any point in the chimney on the roof. For example, 
take the point i. If we draw the profile projection of tlie ray 
through the point Jp until it intersects the ground line liPg^^ and 
draw from this point of intersection a horizontal line across until 
it intersects the vertical projection of the ray drawn through J% this 
last point of intersection i**, will be the shadow of h upon the roof. 

In a similar manner the shadow of any point or line in the 
chimney can be found on the roof. 



FIG'23a. a 



f^^ 




Before completing the .shadow of the chimney upon the roof 
let us consider the shadow of the flat band on the main part of the 
chimney. Tliis band projects the same amount on all sides. On 
the left-hand and front faces it will cast a shadow on the chimney 
proper. Only the shadow on the front face will be visible in 
elevation. To find this, draw the profile projection of the ray 
through the point </i^ until it mtersects the line a^v^^ the profile 
projection of the front face. From this point q^ draw a horizontal 
line across until it meets the vertical projection of the ray drawn 
through //^. From (/^, the shadow of (f^io^ on the front face will 
be parallel to (j^w^^ for that line is parallel to that face; therefore 
draw q^^z^. 
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Now that till' vitiililc fhadowB on the rhiiiinov itM>1f huTeheen 
jrtt*nHini*<l, its sluulow ou tlu* r<N»f ran U* foiiiul hs e.\|)Iaine<l in 
tlir ti^^t |»iirt of tliis |ir<>Mt*tn. A {nirtion of tin* shmlc line of the 
llat hand, r**r^, //'*//\ etr., falls lH*\<)n(l tlu* chininey on the roof, 
f^ bhown by the line c^/'% /r"//'', etc*. 

52. It is to Ih- iiotfil ill tlif >}iu«i(>\\ on till* roof that: 

(a) Tlu* ^llatl^»\vs c»f tin* vertical tnlp^s of the chimney tnal't^ 

iiinfh s irifh 1/ hfrti'fut'il hitt) tqmil to tht: nmfle of the sloim oj 

(1») Tlu* hnrizofital tMlirrs which are jMinillel to V cast 
hluultjws wliifli f//' ;»/'/■•///*/ /«' thff*, Htiinf ttlt/fM in the ehininev. 

j«*i Tlu' luui/oiital I'^ji^^'s which an* jHTjK'iulicuIar to V castV 

sha<lo\\s whjrh /"'/* ''/m//' ^ "f* /.*> tr,fl, ,i }ntriZ*nitill liii*, 

h\\. Tlu* alHivi* inctluMl would also U* nst*<l in finding sliail- 
OWH 4HI hlopiiii^ Mirfacf-^ ulun tluMiiijiTis an* ^iven in elevation anil 
siih* clevatiiMi, us, for example, a dornu*r window. 

54. IVoblcm IX. To find the shades and shadows of a 
hand rail on a fiiKht of steps and on the )(n>und. 

V\\:. *Jl >ho\\s tlu* jilaii and tl««\atioii of a tlitrht of four 8te|M 
.'^ituattMl in front of a vertical wall, with a holid haiul rail on either 
hitlf, tlu* hantl rails Ihmujx ttTininali-d !.y nH*lan«^ular |Mn<ta. At a 
^nlall<•r Hcale is shown a 8«i'tion llironjj:h the stejis and the slope of 
tlu* haiul rail. 

This proMein anuinnts t(» tiiulin^ the shadow of a broken line, 
that is to pav, the hhadt* liiu*, tui a ^t•:-i(•s c»f |ilant*s. Kaoh of the 
planes ri*«juin's its own j/ronn<l liiu*. which in thecas«»of i»aeh piano 
will 1k« that projcctiMn of tlu* plane which is a liiu*. 8inoe the 
plaiu*s of the ^!^ |»s and raiU, with ont* e\c«'ption, are all {)arallel 
or jH*r|K*iuliriilar to tin* «'m «inlinati* plaiu'S we can dt*temiine at 
onct* what plants an* in Ii<^ht aiul what in shadow and tlius deter* 
niine tlu* shade liiu*. 

7}7t, An in^-jKction of tlu* figure will make it evident that the 
••tnail**' of the slips. A, 1 », ( , U aiul the ** riM*rs/' M, N, O, P an* 
all in lii'lit. < ^f the hand rail it will Ih» evident also that the left- 
hatfl fari-, tlu* top, aiul thr front face of the pi>st are in li^lit. The 
riMnaininj; facf^ are in hhade. This is triu* of iNitli raiU; there- 
forr, in «»n«* case we must tiiul the hliadow of a bn»ken line, ahdrj 
uu the \ertical wall and on the Btejxt, and then find the shadow of 
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the brokeu line mnnpqr on tlio vertical wall and on the ground, 
66, Beginning with Uie shadow of the lefUhsod rail, the 

shadow of the point a on the wall is evidently a% since a liea io 

the plane oE the vertical wall (t^ :iH) 

The line ah is porpendiciiUr to V hence its shadow will Iwfl 



r^ Vcrhc&l Wall 




46° line, the point J'* being found by Problem I. The shadow 
of hc^ the eloping part of the rail, will fall partly on the vertical 
wall and partly on the treads and risers. We have already foand 
the ahadow of the end d on Y in the point li^. The shadow of 
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on V| found l»y Pniblfiii I will Ih^ <-^\ TIio jiortlon h^ij^* is the 
]Mirt of tho rIuuIow of thin lino ///* that actually fulU on the wall^ 
the stfps [iri»vt»ntin«^ tlio n»st of tho lino fn»m falling on V. 

Tho lino of 8lia(low now leavoa tho verti(*al wall at the point 
y*% diri*ftly Mow//*". Tlw t/nm ml lino for finding the shadow 
on lliid upjMT tn*ad will evidently bo the lino A% since t/iat litis 
!m ////» jtri'J*>'f!fin ttf fltt'M tnail ^rhirh in a lhu\ The horixODtal 
j»rojeclit»n of tho tn'ad is a piano betwtH»n tho> lines d^tn^ and 
i*'/i^, We have now detenu intnl our (IL and wo also have one 
|Kiint, y*' in tho re<juire<l shadow on tho upjK*r tn»ad A. It re- 
mains lo find thephmlowof the end <* on A. Draw tho projection 
of tho ray through c^ until it ukh*18 tho lino A% drop a perpen* 
dicular until it intersi^cts tho projection of tho ray drawn throngh 
c** at tho jM»int f*\ Tlio |>oint c** lies on the plane A extended* 
Draw tho lino y»*f*% llio jK)rtion y^A*" is the part actually 
fallin;; on tho tread A. 

Frutii this|M)int /^,tho shadow leaves tn*ad A and falls on the 
upjter ris<T M. Tlio ehmlow will now show iti elevation and U»gin 
at tin* jM>int //""• diriHitly alK)vo tho j>oint /i*\ 

Wo n<»w detennino a \\v\k fjrimml ///if' and !t ^rillld t/uii j>rr). 
Jf'rft\tn Iff (hf^ vpptr vltif r JA, mhiih ih a I* /if', Tlio vertical pro. 
jeetion of M is a plane surfaee iK'twtHMi the linen \^ and ]J\ Tlie 
II projei'tinn of tin* ris«T M in the lino ^P', then*fon» this is our 
(iL, and we find tin* hhadow on M in a manner hiniilar to the find* 
ing of tho hhadow on A, just explaineil. ]U*ar in mind that we 
have one |H»int/«"'% already foun<l in thin reijuinnl shadow on M. 

In a like manner tlio bliadow of the remainder of the ahade 

lino in found until tiie {Hilnt/Ms reaeheil, whieh Is its own shadow 
on the groiunl. [.V.^) 

r>7. It is to 1h.« notei] that, hi nee the piano of the rertical 
wall and the planrs of the ri»rrs are all panillel, tho shadows on 
theM» iiurfae«\H nf the Kune line are all |»arallel. For a similar reason, 
the tihadoWH of tho Kinie lint* on the treud» and ground will be paral* 
lei. TliJH fai't H«*rv»i ha a eh»M'k an to tho airn*clness of the shadow. 

Al^o note in tho plan that the bhmlow of tho vertical txlge '/' 
of tho [K».st is a continuous 4*) lino on tho ground, the lower tn»ad 
D| and on tho next tri'ad C\ alxive. WThih this lins oj* Bfntiluw 
on the ohjtit M o^ C(tur»d in reality a htol'en lin^^ it ujpyeiir$ in 
hnrt^tnitai jfn'jtrdnn on jtlan (Im a cuntintt4His lins* 
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FIG'25 



Tlie sliiidow uf tliu shade line of tlm right-haod rail is simplj 
the shadow of iibrukeri line on the co-ordinate planea, and reqaires 
no detailed exjilaimtion. 

58. Problem X. To find the ahade and shadow of a cone. 

The finding of tho shadow of a cone is, in general, similar to 
finding the shallow of the polyhedron none of whose planes are 
perpendienhir or parallel to the co-ordinate planes. 

Tt 13 iiniiossihlfi to determine at the beginning, the shade ele- 
ments of tho cone whose shadows give the shadow of the cone, and 
we first find tho shadow of the cione itself and from that determine 
its shade elements: that is to say 
we reverse the usual process to 
determining the shadow of an 
object. 

5*J, Fig. 25 shows, in elevation 
and plan, a cone whose apex is a 
and whose base is hcde, etc. The 
axis is perpendicular to H and the 
cone ia so situated that its shadow 
falls entirely on the V plane. 

00. Itisevident that theshad- 
ow of thu conn must contain the 
shadow of its base and also the 
siiadow of its a|H.'x. Thi-refore, 
if wo find llie shadow of its ajiex 
l.y ProbK-iii I, and then find the 
shadow of its base bv Problem 
III and draw straight lines from 
'lit to lliu sliadow of the base, the 
fd shallow of the cone. 
II l-'ig. i.*."), ill which «" is the 
io Jv-j,v.,/v.^ ^.t(._^ iy till- shadow of 
lUlHciciit nnnificr of jKiinta in the 
irig thi'ir shadows. Tlie ellipse 
liailow is evidently the shadow of 
u straight lines •(""■a'* and ifa)" 
e shadow. This determined 
Tiie lines «"s" and «".c" are 
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tho 8lllu)(>WH of til.- ^llll.l.- .-l.-liK-nts uf III.- .•<.!].■. It n-iiiuitirt t.> .1.- 
UTiiiini' tlifM' in till' coin- iiti-if. Any |iiiint in iln- pTiim-ttT of 
III.- ..lm<l..w nf t)i.> l.:i^> niii^t \i.iv,- h <-.>rr.'>|x.t.<iiti<; }..:rit in tti.- 
[.-riii>.-UT of (lu> ImM' .>r (ho <-.>n.s nii.I tiiin v.m U' <l.-t.-rniiii.nl l.y 
(Intwin^ from tin- [Miiiil in tin- 4iin|i>w tin- pnijtflion of tin* rny Iiwk 
to tin- |--riin,-t.T of ll..- I.;.s.-, Tl.-T.f..r.- if w.- .in.w 4r. lin.-^ fnnn 

!!»■ j-.int ^" >in<l .'■ l..-..-k to tin- lin.- r-.»" in tl l.v;aiori. w.- 

lU-tcmiini' llio |H>inI^ .<* iim) /•\ Tin- lino ilniu n from tlx-^- |HiintN 
to tin- ii|.-x 'I' HH- tin- »li«<l.- <<lriin-nls of lin- ...n.-. 'Hi. y <-:ui U- 



Tln' croaa- 
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•)ft<Tiiiiin-<l in ]>lan l>y |.roj<fli<ni fnnn l)i<- i-Ii<vntici 
IiHti-lit«l |Mirlioii of tin- ront- in<liriiti-!i 
itx ^lt»<l•■. It »i1l I- <.l.^-r^.-'l Ihul 
but liltU- of it i^ ii^il>1i- in flfvittioii. 
tie. Wli.-n tin- i.luin- of tin- l«i.-<» of 
tin- i-onti irt |i.*tmlti-I to lilt' |i]:in<' on 
wliit-h tin- kIukIow fiilU.ns in 11^-. -J>;, 
lln-uorkof tiM•lin^MTHh)rnl.■aIJ.|-)K..l■ 
IlW is iinitiTinllv n-iini-i-'l, for tin- ^tiinl. 
uw of tin- lutM-'cnii ttnii U- fonrnl l.y 
liinlin^r tin- hIi:i<low of tin- .vui.r /> .if 
lht> Immi Bill) ilrHwini; h cln'lc of lln- 
Mini- rHiiiii^. (S-.- Kiir. V.»\ 

m. Inp-in-rHl.t.i fhnl lln- ^Innlow 
of «iiy foin-. tiinl tin- .^Inxlo^- nf Ut 
h\m-x, thfii tin- clnniow of ils hus.-, .Iniw 
Htniinlit Iin.*!t fn.ni lln- ftirnnr. liirii; 
flit til lllc IntliT. <';ir.- hlioulil Ih- 

tnkcll. hoWi-yir, tinit >h>iIi i1i<- -)i:»lo\l- of tli- •.i\n-\. Htnl tin- ^)lH■li>W 
of tin- 1muh< lin> foiiinl on lln- miioi- |.1:iii<-. 

*'>!. It iri to U- ]n<t--<l tinil ill it coim ulm-- .tnin-ni- ni:tk<> nn 
Mglf of .■(.-.'-/.'/•;.;'■■"-■ /.*^. tln.I i-. niHkiiiirlln- lnn-nn;:l,.of thf 
nty of li^lit or l<'!-s, uilh tin- <-o onlinHti- |>I:<u<-. tin- ^halow of llic 
apex will fall ^^illlin tin- kIi;i.Iow of tin- Imi..-. hii.I. tli.-n-fnr.-, iIh* 
■t)n«« will liayi- no hhwli- on iir. i-i>ni--:>I -iirf-ii-i-. 

<>."). ProMem XI. To find the shade and shadow of a rlKhf 
cylinder. 

Ill Fi^. 27 iH uliowii tin- iilmi mikI i-Ii'viition nf » ri^rlit (-ylimlt-r 
IMting on U. T>'t> ruy« of li^'Iit will i'viil<-nilr atriki- tbtt top of 
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the cylinder and the cylindrical Btirface shown in the plan between 
the pointB J"* and (P'. At these points, the projections of the ray 
of light are tangent, and these points in plan determine the Bbade 
elements of the cylinder in elevation. These shade elements, 
tf'i' and c^d^, are the lines of tangency of planes of light tangent 
to the cylinder. The shadow of these lines ab and od, together 
with the shadow of the arc <icf:/, etc., of the top of the cylinder, 
fonn the complete shadow of the cylinder. 

Since ah and cd are perpendicular to II, as much of their 
shadow aa falls upon the II plane will be 45' lines drawn from i'' 
and d^ respectively. In one case the amount is the line 7i.'i% in 
the other A'(^'. The remainder of tlie lines will fall upon V and 
this is found by Problem II. Tliese shadows on V will evidently 
he parallel to rt'/i' and c'/t'. 

The shadow of the shade line 
^"ifi/t ''tc, on y will be found 
by Problem TI. (g 82) 

Cfi. If the cylinder had been 
placed so that the whole of its 
shadow fell upon II, the shadow 
of theshiidelineofthe top would 
Jii-ii fciuiid by linding the 
,v of the tvnt.'r of the circle 
and drawing a circle of the same 
riidiiis, eluft- the plane of the top 
ispimllcl loll. ,^:iS) 

'i~. Problem XII. To find 
the shade and shadow of an 
oblique cylinder. 

In l-'i^r. 2S is shown the jilan 
;uk1 c!i-v:it ion of iiii oblique cylin- 

cvJiniliT \vc ciiiiiioc a]i]ily t<» the plan 
i of the ray and determine at once the 
Its. To lii.d tlu. sbad.iw nf a„ oblique 
liner -siiiiilai- to limliiig tlio shadw and 
■e Jirui iir^t the simdon- of the cylinder 
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69. Id Fig. 28 the top and base of the oblique cylinder have 
beeo asaamed, for coDvt;uienc», parallel to one of the co-ordinate 
plsDes. The shadow of the cylinder will contain the shadows of 
the top and base, hence if we find their shadows and draw straight 
lines tangent to these shadows, we shall obtain the required shadow 
of the cylinder. 

70. In Fig. 28, the top and bottom being circles, the shadows 
of their centers a and h are found at a"^ and h"^, and circles of the 
same radius are drawn. Then the lines m"»" and o*^" are 




drawn tangent to these circles. Thereeultingfigure is the required 
shadow wholly on V. Projections of the ray are then drawn back 
from m", n'^, o'» and p'^ respectively to the perimeter of the top 
and base. Their points of intersection vi", n^, o^ and^' are the 
ends of the shade elements in the elevation. They can be fonnd 
ID plan by projection. An inspection of the figure will make it 
evident what portions of the cylindrical surface between these 
shade elements will be light and what in shade. 

71. In this problem it will be seen that the shadow does not 
fall wholly upon V. The shadow leaves V at the points a'^ and ^'» 
and will evidently begin on H at points directly below, aa x*^ 
and v»". 
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If projections of the ray are drawn back to the object in plan 
and elevation from these points, a*^^, y^^, a?^, and y^, they will 
determine the portion of the shade line which casts its shadow on 
H. It is evident that in this particular object it is that portion 
of the shade line of the top between the points jp and y and the 
portion xp^ of one of the shade elements. The shadows of these 
lines are found on H by Problem II. 

USE OF AUXILIARY PLANES. 

72. In finding shadows on some of the double-curved sur- 
faces of revolution, such as the surface of the spherical hollow, 
the scotia and the torus, we can make use of auxiliary planes to 

advantage, when the plane of 
the line whose shadow is to he 
cast is parallel to one of the 
co-ordinate planes. 

73. Problem XIII. To find 
the shadow in a spherical hol- 
low. 

Fig. 29 shows in plan and 
elevation a 8j)herical hollow 
whose plane has been assumed 
j)anillel to Y. 

Applyint^ to the t*levation, 
the projections of the ray K, 
we determine the amount of the 
edtre of the hollow which will 
east a sliadow on the spherical 
surface inside. The points of 
tanmMicy d"' and /y^ are the lim- 
its of this shade line </V^i\ The reniainino; portion of the line 
a'^iPh" is not a shade line since the li^lit would reach the sphericiil 
surface adjacent to it and also reach the ])lane surface on the other 
side of ^/V/^4^ outside tlie spherical liollow. 

We must now cast the shadow of tlie line //^V-^/y^' on the spher- 
ical surface of the hollow, and having no ground line, (since neither 
iLie V nor the II projection of the spherical iiollow is a line,) we 
use auxiliary ])lan(S. 

If we pass through the spherical hollow, parallel to the plane 
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of th(« lino •nh (m tliiti rnw parallel to V) an taiiliary jilniio P, 
it will cut im till- BjiliiTHiil Hiirface a liiu> i)f itiU>rst>cti(iii j-y; ia 
fli'vation tliii* will bIiow n» a i'm'K» j-'y', wliiwti dintnctrr ia ol>. 
tnincd from tlio lino j^i/^ in tlio pliin. Tliis lintt of InttTsti-tiun 
will fliow in jilitn u.-t a otnii^lit line, ^'■y''. 

Cast til" pli.'irlow cif tlio liiio 't'-h on tliia attxiliaiy plane P. 
Tliid U not (litlii'iilt IxTJiuso ttio pliiriii P \\-.\a hssiiiii>i| |uiralli'l to 
'»' A, aii.i ill tliis p;irti<-iiljir citso, .f»,'A' ia llio arc of a c.-in-U>, To 
ca.-t its pliitilow mi P it is only m-c.-^^ary to ca-^t tlio plindow of ita 



CfiittT .'•, itsinjl til" lino P as R ijroun.l {,'n 
finnio It-ni^th ami niilinn, 
Wo tliiid olitain tlio aru 
„i-,t'/.i\ Tliisifltliopliad. 
owof tlifplia-lolinoof tlio 
ol)ji'('t on tlm nnxiliary 
plan.' P. It will lKtn.>l.H| 
that tl.iH Hlia.i,.w ,/.-,i-/,.- 
rroB!H-<l tlio lino of iriN-r- 
wction.inailoI'V P wiilitlio 
cjili.-rical i.urraiv,nttli« two 
|K>iTitA j"Chtii| f.i*. In plan 
tli.-«. p.ii.u w,mM U. ,.,»• 
ami h"" w Itiih an- two |xii[it8 
in till' rfipiir.'il t>Ii:i>Iii\t- t>t) 
tin- hplKTJi'al finrface f<>r 
tli,van.tl.o..lnui..wioft«o 
|..ii.lrt in tlio hlui.lo lino 
•i-h ami tli.-y aroal-o <in 
tliomrfacoiif tli- n.h,-rii;tt 
111 till lU' f^inrutliryaroon tlio 
lino of intcrxi-i-tiKii w/ 
wliii-li livs in tliitt uplicrical 
■urfaco. AVitli ono anxil- 
iary plane wo (liiiit iililain two [loints in tlio 
111 Kii!.:tilanuiiiUTi>f auxiliary jilatiol 
Hi-uttieienl nnniUr of {M.inr:., I,2.il. I. He., 
rent iu onlline U-iufr in elwation anil piai 
tiliwlow in plan in 
elfraiioi). wliivli ia fuuml lint* 



ml to draw an arc of 




iliailow of the hollow, 
ivi- Ui-n iiM'd tooltlain 
>r tlie -Iiailow, to war. 
willi neeunwy. Tlio 
noil liy proJM.-tiuu from tbv ebtduw io 
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74. The separate and successive steps in this method of 
determining the shadow of an object by the use of auxiliary planes 
are as follows: 

1. Determine the shade line by applying to the object the 
projections of the ray of light. 

2. Pass the auxiliary planes through the object parallel to 
the plane of the shade line. 

3. Find the line of intersection which each auxiliary plane 
makes with the object. 

4. Cast the shadow of the shade line on each of the auxiliary 
planes. 

5. Determine the point or points where the shadow on each 
auxiliary plane crosses the line of intersection made by that plane 
with the object. 

6. Draw a line through these points to obtain the required 
shadow. 

75. Problem XIV. To find the shadow on the surface of a 
scotia. 

This problem is similar in method and principle to that for 
finding the shadow on a spherical hollow. Neither the II or V pro- 
jection of the surface of the scotia is a line, and we therefore most 
resort to some method other than that generally used. The follow- 
ing is the most accurate and convenient although the shadow can 
be found by a method to be explained in the next problem. 

7G. As in any problem in shades and shadows, the first step 
is to determine the shade line. 

The scotia is bounded above and below by fillets which are 
portions of right cylinders. The shadow on the scotia is formed 
by the shadow of the upper fillet or right cylinder upon the sur- 
face of the scotia. We determine the shade lines of the cylinder, 
Problem XI, by applying to the plan the projections of the ray, 
Fig. 31. These determine the shade elements at x^ and y^ and 
also the portion of the perimeter of the fillet, x^(f^i/^y which is 
to cast the shadow on the scotia. 

In this case, as in most scotias, the shadow of the shade ele- 
ments of the cylinder falls not on the scotia itself, but beyond on 
the II or V plane, orsoine other object, hence we can neglect them 
for the present. 



324 



SHADES AND SHADOWS 



29 



Having detenniiuHl tlio shade line, thcn^ id another prelim* 
inary bU'P to1)e taken In'furo finding it^ shadow. Tliat is, to detiT. 
mine the highest jK)int in tho shiulow f/^*. WTe do this to know 
where it is usi*Iesd to ]Misa auxiliary planes thntui^h tho sc*otia. 
Such planes wouhl evidently Ik* useless lH«t\v«MMi the jKunt /i^* and 
the shaile line ;r^/^y^ in elevation. A1m> iHrauso Me could not 
ho sure that in juistting the auxiliary planch wt« wen^ jMissing a 
plane Mhieh would drteriuine this highest |H>int. 

Tlie highest jK>int of nhad- 
ow f/** is detenu int^l, then*- FlG^Sl 

fore, as follows: 

The jK)int </*\ lying on the 
diagonal P**** is evidently 
the |M>int in the nhade lino 
Mhi«h will ea>t the hi«:hf>t 
|M)int in tlu* shad(»w, for, eoii- 
sidt«ring |M>ints in the shade 
line on eitluT 8i»lo of #/*», it 
will lHH.U)nie evi«lfnt that the 
rays thnnigh tln^n must in- 
ters(*ct the siH>tia surfiia* at 
p(»ints lower down than the 
jioint a^*. 

Hie point «/ lies in a plane 
of light I*, which ]MUim*s 
through the axis oh of tlie 
miitia. Til is plane, then*fori% 
cuts out of thes<*otia surfaco 
a line of inlfrsi»cti;»n exactly like the profile #/^.^. If we n»volva 
the plane P and its lino of intersiH:ti(»n alHint tlu* axis oh until 
it is |»anillol to V, the line i»f inters^-ction will tln*n C(»incide with 
this jirotile r/'«^, the jK»int «/* having inovo<l to the iM>int a*\ 

If, In'fon* revolving, wo had dniwn tho projiH*ti(>ns of the ray 
of light, li', through the jK»int */'', th«*y mouM U« the lint»s //*//^ 
and */*»/***. Aflrr the revolution of tho plane P tln>e projt*ctions 
of tho my are the lin«s #/''//^ and i/''»//*'. Tlie |K»int /-», U*ing it 
the axi^, d«M*s not ino\e in tin* n- »olnti(»n of the plane P. Tli* 
j.'iuit </'*% the iuterbi*ction of the ]»rojiVtion of the ray U'^ with 
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the profile a't,*, indicates that the ray R'' has pierued the scotia 
surface. If now the plane P is revoked back to its ori^nal posi- 
tion, this point a'" wWl move in a horizontal line in elevation to 
the point a'*, and the point «™ thus obtained is the shadow of the 
point a' on the surface of the scotia and is also the highest point 
of the shadow. 

FIG'32 




77. The remainder of the process is, from now on, eimilar 
to the methcxl jiiKt explainoJ in the jjrevioiia jiroblein. See Fig. 33. 

We pHsa auxiliary planes, A, B, 0, ete., (in this case parallel 
to H) through the stotia. 

We determine in plan their respective lines of intersection 
with tlie Scotia: they will be circles. 

Cast tlie shadow of the arc x^a^i/'^ on each of these auxiliary 
planes. This is done by casting the shadow of its center O and 
drawing area equal to x^a^i/\ 



yilADKS AM) PIIADOWS 



31 



Tlio ]M>iiit:( i)f jiitrriitH'tiim. S"", ;('', 4'', 5^, C>\ i-ti-., are |M>iiitf 
In thpreipnrfiinhwlnwiii |,lnti. Tlu'iHiintH li-nml IC- an- tl»M-rni^. 
wlur.- tlir h1iii.l<iw ].-iiv,.^ til.' M-..li>i Htxl iIk'm- an- •l.trniiin.-) I.v l.-ik- 
ir>L'<>n.-oftli.M.iixili»rvpUii<. »l tli.- lii..- MX. Th.- {H.int^ 1'.'.", 
;{', do., an- 4ibtuiiivU in llio t'li-vatiuii by |ir<>j(.vtioii from tin- |ilan. 

nil.. ..liH.1.. of tlm I..w.-r iill,-t U .li-i.niiiiu-l I._v I'n.I.I,'m XI. 

"•>. Ill t-art' tlio lilK-ta arc i-imiuil hmtvml of cvUiiJrical Bur. 
f«ivs, u- !■* fonii'l iiiK's the ciisi* 
in llu. l.;.M-s ..f ,-uIiiTiiiis wli.n. PIG - 3 3^ 

till' Sii<li:t I1liill]<lJli;r is IllOxt A — -^ 

M.iiuiionly f.uimi, v.,n- iiiiist 
U- tuki'ii til tir>-til'-t<-riiiiM(< till' 
-lia.).- rl.-iii.'iitd of tht' iMIiicnl 
M.rf«.v. niU«u,.|-«.i,i,i„of ^ lilfi., ^- 

a liir^-r um for Uio ^IhkIo lii '^ 

ll.=... tl». «..- >./V''. 

L'5E Of- PLANES 01- I.KIHT 

PEKPi-NDICL'LAR TO 

THE CO-ORDINATE 

PI-ANES. 

T'.t. AillltlllTIllI'llKNl oft.-TI 

i)t«ii-»Mirr aii'l oorivi-iiit'iit in 
ca»tin;^t)i.>hliii.low^<.r.l..uM.'. 
cunt-d Biirriii-cs \* till' ii-i- of 

t..lh. ,:....,:i:,..tt. i-l 

Tl..-.. anviliiirv i.l,ii..-> of 
li^'lil nn- ixt^M-l'lliroii^.h ili.. 
Hi*.i, ol.j,-,!. TIl.v «ill.-iil 
out iiiH-f of iniirs.-.iii.ii uiili ihi* ol.ji-<-t htmI lutli.-w IJnca of inter. 
Mvtiiii) i:iii Ih' H|>[>tif>l till- [.rojiTti.iiiN i.f ill,- niVM of li^Iit wkii-h lit* 
in tli.'«n\ili:irv (.i!ini-i>f lijilil. Tin- [loiiH!. of .-ontaft or taiini-nrj'. 
a« 111.- <-UM' inuy U-. of till- j.rojivti.niM of tlio ntv* anil tli<- litit* of 
inU>rHi<<-(i<iii ant jHiinlit in tlio nNpiintI Hliailnu'. 

SO. Tli<> ii-i- of lliit iiivtIifHl will bu iDiiKlraUtl l>y (intling 
th» Bitailiiw of a i^{.li<-n> in llit< following pntlilcm. The ahaduw of 
iIk- >[ilirn- xTvo to illii-iruti- tlii-> iniihtHl well, but an(>thpr 
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and more convenient method is given later in Problem XXIX for 
determining the shade lino of the sphere and its shadow. 
81. Problem XV. To find the shade line of a sphere. 

In Fig. 33 is shown the plan and elevation of a sphera 
Throngh the sphere in plan, pass the anxiliary j>/<i'7ie of Tight P, 
perpendicular to H. This cuts out of the sphere the "line of in- 
tersection," shown in the elevation. This "lino of intersection" is 
determined by using the auxiliary planes A, B, C, D, etc., each 
plane giving two points in the line. To this line of intersection 
V-XC'^A. niade by the ^/a«« of light 

P, with the sphere, we apply 
the projections of the ray and 
obtain two points, a;'^', in 
the required shade line. Other 
points can be determined by 
nsing a nnmber of these 
planes of light, as shown is 
Fig. 34, P, Q, K and S. 

The points ai^andy' can be 
projected to the plan to detof' 
mine the shade line there. 
The ends of the major axis 
of the ellipse's' and J' are de- 
termined hy applying directly 
to the sphere the projections 
of the rav. The same is tme 
of the plan. 

82. •Problem XVI. To 
find the shadow of pediment 
mouldings. 

Fig. 35 shows a series of 
pediment mouldings in elevation, the mouldings being supposed to 
extend to the left and rij^lit indt-tinitely. At the left i3a"Ilight Sec- 
tion," showing the profile of eafh moulding forming the jjediment. 
The shadow of siieh an object can be most conveniently found 
by the tise of a ]>I;uie of light perpendicular to the V plane and 
intersecting the mouldings. 
*OptioiiaL 
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H such a " Plane of Light " (15° line) as that shown in Fig, 35 
is passed through the mouldings, it will be evident that this plane 
will cut the mouldings along a line of intersection which can be 
made use of in determining tliu shadow of each moulding upon the 
others. If we find the profile projection of this Hue of intersec- 
tion using the right section, we can apply the profile projectious 
of rays of light to the line of intersiiction. It will then be 
evident what faces the light strikes directly and to what edges the 
rays are tangent. 

The line of intersection in Fig. 35 made by the Plane of Light 

FlC- 35 




is shown in vertical proiection by the 45° line a^'b-c'd", etc. The 
profile a'b'c"!/", elv., is the profile projection of this line of intersec- 
tion; the point J'' is evidently on a horizontal line to the left of 
the point *(' at a distance from the line V'' (j>rofile projection 
of V) equal to u'b\ obtained from the Ifitjlit Section. In the 
same way the point c' is on a horizontal line to the left of c" and 
at a distance from the line V" equal to the distance c'f also ob- 
tained from the R'lijht Section, In a similar manner the other 
points in the profile projectidn are fonnd. The vertical line b*if 
is the profile projection of the line of intersection which the Plane 
of Light makes with the fillet, this line in direct elevation is S'c', 
If we now apply to this profile projection of the line of inter- 
section the profile projections of the ray (45° lines) we see that the 
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fillet JP(?P is in the light, and that the ray is tangent to its lower 
edge 6*P. We also see that this tangent ray strikes the face D at 
the point /p; this means that the shadow of the edge g falls upon 
the face D. Since the mouldings of the pediment are all parallel 
to each other, the edge c is parallel to the face D, therefore, (30) 
the shadow of <? on D will be parallel to C itself. This shadow is 
found in the elevation by drawing a horizontal line from the point 
/p back to the Plane of Llyht. This operation gives the j>oint 1^ 
and we draw through the point 1* a line parallel to the edge C, as 
a part of the required shadow. Evidently that portion of the ele- 
vation between the edge C and its shadow will be in shadow. 

In a like manner the edge (V^ is found to cast its shadow on 
the plane V, below the pediment mouldings proper, and its shadow 
is of course a line drawn through 2^ parallel to the lines of the 
mouldings. 

To return to the shadow of the edge C on the face D. It will 
be noticed that, if this is extended far enough, it will cross the 
pediment mouldings on the right-hand slope; as these are not 
parallel to the edge C, the shadow on them will not be a parallel 
line and we must use a separate, though similar, method for deter* 
mining this portion of the shadow. 

If auxiliary planes O, Q and Jl j)arallel to Y are passed 
throuc>"h the crown ini£ niouldinix, thcv will cut out of it lini\s of 
intersection which will be ])arallel to the other lines of the pedi- 
ment. (See the enlarrred diat^rani at A showing the line of inter- 
section of the auxiliary plane O.) 

If we cast the shadow of the edge C on this plane (), by draw- 
ing the -io^ line from c^ to the line PO (the proiile ])r()jection of 
O) and from the point 4^^ draw a horizontal line back to the Plane 
of L'fyJif^ we shall obtain the line () (see '-shadow on JM)" in dia- 
gram A). This shadow will cross the Lute (f ntff rs'tcffo/i of 
PO at the point 5^'. The point 5^ will be one ])oint in the shadow 
of the e(h'"e C (indefinitely extended) on the right-hand slope of 
the pediment. Other points, 8^ and U^, can be found in a like 
manner by use of the auxiliary ])lanes Q and K. Through a suth- 
cient number of these j)oints the curve 5^'1»^S^ is drawn. This curve 
is the re(piired shadow. The shadow of the end of the edge C is 
found by drawing a io"" line from the point nC^ Cdiagram A) to the 
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curve. The point of intersection, 10', is the shiidow of the end of 
the edge C. It ia also the lieginning of the shudow of the edge It 
on the right-b&nd Blope, which shadow is pamllel to B. 

The remaining ehadowa of the pediment are found !n the 
same maoDi^r, and may he understood, from the diagram^ without 
a detailed e\planatiun, 

SHORT METHODS OF CONSTRUCTION. J 

83. The following problems illustrate short and conre n ient^ 
methods of construction fordetermiuiug thu shftdowa of lines, sur- 
faces and solids, in the positions in vhicli they commonly occar 



N^ 



l._ 




in architectural drawings. These methods here worked oat with 
regard to the co-ordinate planes apply also to parallel planes. 

Si. They will be found to be of great assistance in casting 
the shadows iu architectural drawings. The latter seldom have 
the plaD and elevation on the same sheet, and these methods have 
been devised to enable the shadows to be cast on the elevation 
without nsing constnictioa lines on the plan or profile projection. 
Such distances as are needed and obtained from the plan, can be 
taken by the dividers and applied to the construction in the elevation. 

In casting shadows it will be found convenient to have a tri- 
angle, one of whose angles is equal to the true angle which the ray 
of light makes with the co-ordinate plane. See Fig. 8G. 'With 
fliich a triangle the revolved position of the ray of light can be 
drawn immediately without going through the operation of revolv- 
ing the ray parallel to one of the co-ordinate planes. 

85. Problem XVH. To construct the shadow op • cf>-ordl« 
nate plane ol a point. 
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ll will lie on the 40° lino [Mi^siiit^ lliroii^li the point and n*p. 
rrnentin^ the projection of the ray of light on that plane. It will 
be situattHl on tho 4*V line at a distnnen from the given point, 
e<]nal to the diagonal of a 6i}uare, the side of which is eqnal to the 
distance of the point from the plane, 

Giren tlie vertical projection of tlio ]>oint tt situated 2 inchea 
from the V plane, to construct its shadow on V. Fig. 37. 

From the iK)int a" draw the 45* 
degn^ line //^/^' equal in length 
to the diagonal of a 64|nare whoeo 



HC-38 




FlG-39 




sidfs int»aBun* 2 inches. Then a^ 
id tho riMjuirtHl shadow. 

M. Problem XVIII. To con- 

struct the ahadow of a line perpendicular to one of the cohmhIU 

nate planes. 

(1) It will coincide In direction with the projection of the 
my «>f H^ht up »n th.it plane, without n'^^.ird to the nature of the 
surft&co ujHin which it fall**. 





r ^- 



(2) Tlio length of itd pn)jix.'tion ii|n>ii that plane will be 
tH|ual to the diagonal of a s pure, of whioh the given line i^i one side. 

(liven the vertical projection of the line ah }ier{ieudicalar to 
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T, 2 lacheB long and } inch from Y, to consinici iis Bbadow oQ 
V. Bee Fig. 38, Find the ahadt of the point a» by Problem 
XVII. 

Prom the point o" draw the W line a"i" egnal to tbe diag. 
onal of a square 2 Inohee on each side. 

86. Problem XIX. To construct the shadow of a, line on a 
plane to which it is parallel. 



(1) It will he parallel 
to the projection of the 
^Ten line. 

(2) Itwillheeqnalia 
length to the projection of 
the line. 

Given the vertical pro- 
jection of the line a\ par- 
allel to V, 2 incbea in 
length and ^ inch from Y, 
to conBtmct ita shadow on 
Y. Bee Fig. 39. 

Find the shadow of a' 
by Problem XVII. 

Draw o"J" parallel and 
eqnal in length ce^i". 

87. Problem XX, To 
construct the shadow of a 
vertical line on an In- 
clined plane parallel to 
the ground line. 

It makes an angle with 
the horizontal equal to the 
angle which the given plane makes with H. 

Given the vertical projection of a vertical line ah, its lower 
end resting on a plane parallel to the ground line and making an 
angle of 30° with H, to construct ita shadow on this inclined plane. 
See Fig. 40. Through the point J' draw the 30' line i'a". The 
point a™, the end of the shadow, is determined by the intersection 
of the 45° line drawn through the end of the line a''. 

88. Problem XXI. To construct the shadow on a co-ordi- 
nate plane of a plane which is parallel to It. 
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(1) It will 1m» <if tlio wiiin» form aa that of tho piven mirface. 

(2) It will 1n» of tlio paino aroa. 

If tlio j»laiH* burfaro is a cirfl«*, tlio bhaJow can U* found by 
finding tlif hli»dt»w «if i»H crnlrr, 1»\ Pn»hlfni XV 11, and with that 
a?* a Cfiitrr <lfsrribiii|i a cir<*lr of tlirwiino radium astht'^iv^n circle. 

(iivtii a j.laiH* jnnillrl to V, \ iii^h from V and 1 \ inches 
Hiuan% to «*«ni«-t!n<-t itn bliadow on V. S«*«« I Ii^. -ll. 

Find the bhadow of any lH»int «/^ for example, hy Pruldeui 



FIG-'43 




V\ 

XVII. On tliut j«)int «if tin* nhadow oonntmrt a similar nqnan* 
who«* Fidi» f»<ju:ils 1 I in<*ht"<. 

>^'^ Prohlcm XXII. To construct the shadow on V of a 
circular plane which is parallel t^) H, or which lies In a profile 
plane. 

(tivi-n ./*"*A\ til • projiM-tjon of a cirrnlar i>l:uh» {K*r|)i*ndicu]ar 
to V and IT, *2 iiM*li« .-^ in di.unitrr, its) center Uin^ *J^ inches from 
V, to con«*truei N|ia(|«i\\ on \'. Fi^-. 12 and 1.'^ The >hadow of o', 
the ci*nt«*r of thtM-iitiilar jilam* is found l»v Pro]»lfni X VH. About 
m" ah a e«'iit»T, co!i-tru«*t tlif |»aralIrI«Mjranj AlU*l> iiia«K« up of 
the tuo ri^^dit trian^'I<-« ADH and DIU', tht* gides a«ljmvnt to the 
rij^ht angles In'in^ eipial in length to the diameter, 2 inches, of 
the cireular plane. Draw th«*diann*terfi and tlia^iinalrf of this iiar- 
allel(»«:rain. 'Dk* diameter TW is <N|Ual to the diameter of the 
ijriven ein'lt* and paralUI ti» it. 

With «'** as a ct-nter and t>l) and OU as radii, di*flcril)e the 
arcs cutting the major diami*ter of the jMraHelugraiii in the |ioiDta 
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E and F. Tliroufjk E auil F dra 



B pamDel to the ehort diaiD> 



eter, cutting the diagonuls in tlie puiiita ii, }l, J[ and K. Thes« 
last four jwints and tbe fxtreinitiL'a of tliu diametera IJ, S, T, oud 
"W, are eight points in the ellipse which ia thy Bhailow of the given 
circular plane on V. A similar etmstrnctioii h followi-d for find- 
ing the shadow on V of a cirfular plaue jHirallt-I to II. Fie. 43, 

V)0, Problem XXIII. To construct the shade line of a cylin* 
der whose axis Is perpendicular or parallel to the ground line 

Girea the elevation of a cylindi-r, it3 axis being AB perpen. 
dicular to H. To construet shade lines. Fig. 4i. 

Let CD be any horizontal line 
drawn through the cylinder. 

CoDBtmct the 45^ isoscelt-a tri- 
angle AGD on the right half of 
the diameter. 

"With the radius AG describe the 
Bemi-circulararc i/iGti, cutting the 
horizontal line CD in the points m 
and n. 

These two points will determine 
the shjidc olnmunta mo and itj^. 

91. Problem XXIV. To con- 
struct the shadow on a plane 
(parallel to its axis) of a circular 

cylinder whose axis Is either perpendicular, or parallel to the 
ground line. 

Let rt=th6 distance, in the elevation, between the projecticm 
of the axis of the cylinder and the projection of the visible shade 
element. Let i=-the distance between the axis of the cylinder 
and the plane on which the shadow falls, to be obtained from the 
plan. 

Then the distance, between the visible shade element and its 
shadow on the given plane, will be equal to a + 5. 

The width of the shadow on the given plane will be equal to4d. 

Given the circular cylinder CDEF (Fig. 45), its axis AB per- 
pendicular to II. To construct its shadow on the V plane whidl 
is IJ inches distant from the axis AB. The shade elements mo 
and lip can be constructed by Problem XXIII. Draw RS the 
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slliulow of the »liiii]f ■•It'iiifDl ftyi. |>HrHllel to up, and clisutit from 
it</ -) 11 tm-lim. Tlie width ufiltffliHdowiiri tlit>^iveii plnm- will 

FlG-43 '"* ' """■" ''"' '"""""■" 

•xi. Probkm XXV. 
To construct the shadow 
on a Hfcht cylinder of a 
horizontal line. 

It. It will U-lWan: 
uf II t-iri'lc (if tilt* name 
rHdiu!< Hit tliHl (if tilt* rvl> 

ill(t.T. 

Ii. Tlic(viit.'rof tin- 
(■ircl.'wi)IU-»ii ilu-sxiK 
..f th,'cvliti.l<TnararU>. 
lou llic^'ivenlim-HKtliHt 
liii.- is iti front of tlic 
lixin. 

(iivfii H ri);Iitcin-uUr 
cylimU-rrDKK. wIkik.- .liHiiL-tcr i.-> !■{ iiiclicx. Hiid i* lioriKoiiml lino 
al; \\ iiiclii-i- ill front of ilu- itxin uf thv i'\liiiil(T. Tu <.iiiiBtru<.-l 
tlitf bhwluw. t i^. 4ti. 
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l.nriiti- till- |«>itit " on tin- iixi.t \\ iiirli.-n Ix-Iow .<•'-', With 
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o RB a center, and radius equal to ^ inch describe the arc mnp^ the 
required shadow. 

93. Problem XXVI. To con- nG-'4« 

struct the shadow of a verti- 
cal line on a series of mould- 
ings which are parallel to the C . 
ground line, i \^ ' 

The shiidow reproduces the I g -• "^ 
actual profile of the mouldings, v y*^ 

Given a vertical line «'i' X^^ 
which casts a shadow on the 
moulding M, which is parallel 
to the ground line, and whose 
profile is showu in the section 
ABCD. The line rt'J% is 1 inch 
in front of the fillet AB. To 
construct its shadow, Fig. 47: 

Constnict the shadow on the fillet AB, of the end of the line 
a', or any other convenient point in the line, by Problem XVII. 
From the point a' the 
shadow of the line repro- 
duces the profile ABCD 
and we olitiiin o^ii^'r^¥, 
thorequiri'tl shadow. 

(U. Problem XXVII. 
To construct the shad- 
ow on the intrados of a 
circular arch in section, 
the plane of the arch 
being in profile projec- 
tion. 

U't Alt (Fig. 4S) be 

the".pri„gingli„e"of 

the arch. U't CD be 

ilie radius of the curve. 

The point F is detenniiu'd !iy llie construction used in tindin" 

the shade clement of a evliiider. I'niMem XXIII. At the point 

F draw the line (MI, willi aii iucliniition to tlie "horizontiil'' of 1 

in 2, Through thejioint D draw the 45' line DB. The curve of 
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tlic line of sIiiuImw will Ik* Uii^iit to llieflf iwu lines «t the points 
K &ii<) B. Tlic n-ipiiniJ rIihiIow {m tlmt jtortiun of the curve bt>- 
twcfii lUe litifH DC itiul MN. 

A aitiiiUr (tiimlriK.-tiiiii ih iimh) in the <'rih> of a hollow aeitii- 
(■\liniUT when itx hxik ih vertical, exivpt, that iho lii)e(iH hu then 
an incliiiKiioh to -' th«- horixontal" of '2 in 1. Fi^. 4!'. 

'.1.1. Problem XXVIII. To construct the ^adow of ■ spheri- 
cal hollow with the plane of It5 face parallel to either of the 
co-ordinate planes. 

Till- liiii' (if nliHilow in a iH'nii-(-l]i[k0<-. The jirojii-tiong uf the 
ravi of lifjht titn^ctit tu the cirvle (Icterniine the iiiajur axis. Tile 
M-iiii uiiiKir Hxirt in ti|nHl tu i^ the ratlins of the eirole. 

tfivi-n till- viTlioal jtixijirlion uf a Djihericnl liullow, the plane 
H fHtv pamll.-l to V. Fijr. Wl. 

IVttTiiiinc llif t-nilrt of the major kxik liy tlrawin^ the pro- 
4 of the ravH uf li^'ht taii^-nt tu the hollow. The neriii- 
minor axix, "", f^jualti \ the radius 
"''. On />'■ anil ."I eoDHtruct the 
wini-ellipiu-. tin- rtijninil ithadow. 
<»;. Problem XXIX. To con- 
struct the shade line and shadow 
of a sphere. FIk. 5i. 

I.ct the vircle whcn^' center is " 
1h< the vertical |>ruj<vtion of a 
Hjihi're whuHe •.-enter in at a dis- 
tance J- fn)ni the V jihine. 

Tin* xIiHile line will In* snellipae. 

llii- major axin of ihtM ellipse in de- 

■ of the myx of li^ht tan^nt to thv 

and two other |iointit can In- delw- 



of ii 



j.-ct.c 



FIG-50 







terniini-d t>v lh<' 
cir,le. Thl- Mil 
inin.-U* follow. 

Thrciu^li the |K)inli>, A, «, and It, draw < 
tat linen, iiitersectinfr in the ]ioiiilH K and D. 

Tile |<iiii]t!i K and D an- two |i(iiniii in the n-'|u)r«<<) shade line. 

Thronch the [»int K draw the 4.*> line KF. Tlm>nph the 
point F, uhei>' tliiit line interM*etit tliecin-Ie, and the [mint It, draw 
the line FU. The jHiint <'. where this line Fit intenw-fts llie 45 
line thruufih the iviiter uf the splierv, ■ 



ltd hurisoD' 



, is the end uf the setiii- 
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itu nlanu will ■ * 



of 

m. T 

the ray of 
axis PIl wi 
Ita length 



oil the co-ordinatu piano will 

of ia allipse, o", will be the HhoUow 

It II Ihi determined by Problem 

^, will be on the jirnjection of 

t tiTof the sphere. Tbuuiiuur 

to this through tho poiut v. 

hy ho projections of the rays of ' 




light BB and AP tangent to the circle, and \a er^niil to the diameter 
of the sphere. The points il and N, which determine the enda of 
the major axis, are the apexes of etiuilateral triangles FMR and 
PKK, constracted on the minor axis as a base. 

97. Problem XXX. To construct the shade line of a Una. 

Fig. 62, in elevation: The points 1 and 5 can be determined 
by drawing the projections of the rays of light tangent to the ele> 
ration. Since the shade line is aymmetricfd on either side of the 
line MN in plan, the points 3 and 7 can be found from 1 and 6, by 
drawing horizontal lines to the axis. The points 1 and 8 are 
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detertiiioed by the constmctioD used io finding the ehsde elementa 
of a cylinder. Problem XXIII, 

Ibe above points can be determined without the nee of plan. 
FIG' 52 




Tliohi^rlicRi Hiid l(iwu»t )H>iiittt in tlit^ shade line, 3 nud 6, can 
lie found only liy use of plan. It is not nec*>S8Hry, as a rule, to 
dett^niiine attunitely points )i and (i. The shade line in plan will 
be, ajiproxin lately, an ellijise whose center is o. The ends of the 
major axis R and S, are determined by the projections of the rays 
of light tangent to the circle. Other points can be determined 
withont the use of the elevation as follows: With center o, con- 
strnct the plan of a Bphere whose diameter equals that of the circle 
which generated the torns. Determine the shade line by Problem 
XXIX. Draw anynnmber of radii OE, OF, OG, etc. 

On these radii, from the points where they intersect the shade 
line of the sphere, lay off the distance liT, giving the points 
Cj^&ud </. These are points oc the required shade line. 




TOWER CONVERSE MEMORIAL LIBRARY, UALDBK, MASS, 

H. K. Richardson, Architect. 

Sola tiaitmiDl ot shidowi ia ■ pai>i>aciiv diowlo*. 
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EXAMINATION PLATES. 

9^. QeneraJ Directions. Plates are to I>o drawn in pencil. 

Show distinctly and leave all eonntruetion linen. 
SlmdowB are to \h* cro6tf-liatolii*d Iightly> and tlieir outline 
drawn witli n distinct Mac*k line. 

PLATE L 

W, StH« din«i*tiunri on plate. 

PLATE II. 

10<\ Find the hha^lows of linea ri/>, etc., in Problems XIV. 
XVI. 

iHl. In Pn)l)leni XVII find the shadow* of line r/ A on the 
|Janert A, n, an<l i\ 

10*J. In Problem XVIII find the Hhmlow of plane abed. 

PLATE III.; 

108. Se<i directionfl on ]>late. 

PLATE IV. 

KW. See dinH.*tion8 (»n ])Iate. 

PLATE V. 

\{)7). In I^nibleni XXV find all the Bhadowg on the steps 
and the nhatlowH on the co-onlinate planes in plan and elevation. 
Letter iiin*f ally the various planes in elevation and plan. 

ion. In Pn»blt*iii XXVI find all the shades and shadows of 
the cylinder and its hhadows on the co-ordinate plam*s. 

PLATE VI. 

107. In Pndileins XXVIII and XXIX find the shades and 
shallows of ol)jWts and their hhadows on the co- ordinate planes. 

10s. Ill Pnddem XXX, (' is a sijuan« projection or fillet oo 
the V plane. I)«dow tliis til let and also applied to the V plane 
are portions of two cylinders, I>1), which support the fillet 
Find the sbadi^s and shadows in elevatiou only. 





K' 



a spherical bollow, its pTano 



a Bcotia moulding, the upper 
Dcie, the lower iiUet is a cyl'm- 
md plan. 
VIII. 

s a serieB of pediment monld- 

fitid the shadows oti the mciiilil- 

A. 



g'" 



H2. Problem XXXIII 
ingH applied to a vertical wall A. 

iDgB and the shadows of the mouldings on the vertiual plain 
PLATE IX. 

118. In Problem XXX lY find the shadows 
window. 

114. In Problem XXXV find thesbadowa of the given bey- 
block and the ahadowof the keyblock on the vertical wail to whicih 
it IB applied. Vee the short methods of conatmction and lue the 
plan only from which to take dlBtances. 
PLATE X. 

116. Problem XXXTI. Given the upper portion of a Done 
order, the colamn t>eing engaged to the vertical wall Y, see plan. 
The entablatnre breake ont over the colnmn, see plan. Find all 
the shadows, asing the short methods of oonstrnotion and ase tlis 
plan only to obtain required distances, 
PLATE XL 

116. Problem XXXVII. Given a rectangular niche, as 
shown by the plan, having a circular head as shown by the eleva- 
tion. Situated in the niche is a pedestal in the form of truncated 
square pyramid. This pedestal has on its four side faces projections 
as shown in the elevation and plan. On the pedestal rests a sphere. 
Find all the visible shadows in the elevation. Use the sliort methods 
of construction and use the plan only for determining distances. 

117. Problem XXXVIII. Given a niche in the form of a 
spherical hollow. The profile of the architrave mouldings is shown 
at A. Find all the shadows. Use tlie short methods of construction. 

PLATE Xli. 

118. Problem XXXIX. Given the lower part of a colnmn 
standing free from a vertical wall, and resting on a large square 
base, the base havinga moulded panel in its front face. At the foot 
of the vertical wall is a series or base mouldings, the lower ones 
cutting into the side of the square base on whiehthe column stands, 
see plan. Find all the visible shadows, using the short methods of 
construction. 
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PLATE III 
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RENDERING IN PEN AND INK, 




iHrfji- 



1>T ill jM'ti Hii<) ink a 
iiii[torI»iit Jruwiitf^ is 
(Vi)lii|i1ir.|uil(-llt. IMi- 
of t'.\|K'rii'iii>'nrt* iitv- 



hIIv ) 

.■ssj.rv U-f..r.- 

fully iMiiiiTiaki- ciu-h drawiii^H. 
Now itiii) tlK'ii n i>Iii<U-iit JH to In< 
foiii]<) tiitviii^ tttl<'iit to till' fx- 
tctit that t)i<> iilt»iMiii(-nt of tliis 
Hkill tKfiiiH a Very caiiy mattt-r, 
but ill )X<-ii('r»I tliix tiilfiit iacoiii- 
juiriitiv.-l_v rari'. N iin-ty-fiviMiiit 
of I'ViTv liuiiiinHl iiavt' a I*"'H 
ta.'k ah.wl l-.-fc.rf hiuivsh in ]m>m. 
Bibl.-. Tliitt tiiftimilty of attain- 
liu-iit, Iiowi-vtT, iiiHk<>fl the ac- 
coiiiiilii'liiiiciit all tlitj more val- 
liatilc. No one wntilil i-xiM-ot to 
tvATT) eripravin^ on vtxnl iti a fi'w l>ri.-f Ii'shmus. hikI y>-t in jH-n and 
ink rcn<ltTin^ tlitliculticK an- (o U- met imt nnlikc lliom- ciiniif<'te<l 
with ennraviii^, 

itiit lliiTi- an- iiiHiiy (liiii^H <-oii(-<'riiin|{ jxii aii<l ink work 
whirh can U- n-ailily Imnnil; tlicy arc wortli tlic (rouble ami tb» 
lsl>or «'X]H'nilc<l, atiil iiiity [>ri<vf iisi-fiil. A i-oni^iilcration of tlicxt' 
will, in any case, iMtrmliii-i' tli<- art hikI nerve hUh bk a ^ihnI foiimU- 
lion for furtlier jmrpiiit of [lie ^ul>jt1-t if •l<-:-iml. 

It in tin- |ilir[>OF>f iif tlilH julJuT to WTk ihe IllnHt IIKxJfrtt of 

multn, wliicli may )m' H-t forth ihii>. the n-mliTiii^ of a email 
huiliiin^ at a tunall K'ale in the very i^iiii]>li't>t manner, witb few 
or no Kt.'ceaHirieH. 

Kind of Drawing, llu'n' ar<> tbnt- wayi' in wbieli a sketch 
may 1»> rvn«lt're<l, viz: uiih ["fii, [■■ncil, or brunh. Ten rvnderin^ 
will Ik- comiidenHl tin-t. um) later aihlitional notcH will In* inoile u 
to pt-ncil work. lC«-n.JtT)iig with the brush is another line of work. 
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but much thiit may Ijf advised ui regard to pen rendering wouMl 
(iIbo «pp'y to bniBh work. 

MATERIALS. 

Pens. The tendency of beginners is to am too fine a pen. I 
It miiat be remembered tbat many pen drawings are reprodiictioni J 
mnch BHialler tb»n the originals, and conBf<inetitly the liuea appiAT | 
mii(di finer than in the drawing itself. 'Hien,' arv two ])ens tliHt am | 
be recommended, shown herewith. Yours oF experience pror» i 
them to be perfectly eatiBfactory, Occasionally a finer pen U 1 
needed, snch as Gillott No. 303. Tlie E8terbro(>k No. 14, a larger ] 
pen, ia necessary in making the lilaeker ]>ortions of u driiwing. Th« f 
Gillott 404 is lo 1h' need for general work ilk the eame drawing. 

Ink is not of a 

ESTERBROOK BANK , . 

PEN. NO. H. much iinportanct) 1 
as jwns. The va- f 
QILLOTT NO. MM, r io u 8 p re pared ' 
India inks put up 
in bottles are all that can be desired. They are more convenient 
than ink that must be rubbed up, and they have the advantage 
of always being properly black. Some ordinary writing inks ^ 
serve the purpiose very well if reproduction is not an object, but 
if reproduction is desired, India ink, being black, is preferred. 

Paper. The very best surface is a hard Bristol board. The 
softer kinds of Bristol hoards should be avoided, as they will not 
stand erasure. Most of the drawing papers do very well. What- 
man's hot pressed paper is very satisfactory. An excellent draw- 
ing surface is obtained by mounting a smooth paper on cardboard, 
thus obtaining a level surface that will not spring up with each 
pressure of the pen. This is equivalent to a Bristol hoard. 
However, the size of Bristol board is limited and frequently draw- 
ings must be much larger, in which ease the mottnted paper is a 
necessity. 

LINE WORK. 

Quality ot Line. Too much stress cannot be laid on the im- 
portance of a good line, however insignificant it may seem. Care 
in each individoal line ia absolutely necessary for good work. A line 
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,.:.-VQ 

//.f5iillBiiIII!l& ;.■■.,'. '•: 




cKX)l> yr.vuTV or i.iSF. 

th«( is PtitT Biiil bant. fti-Mi'. MTHtcliv «r l>r<ib<-ii. will not do. Such 

irork will ruin a ilniuin^ tlmt in niin-r rt->>}>t>t-ld niHy Iw excvl^ 

lent. Tbe ac(-oiii|>Htivi[i;,' illiii-lnitioii )iy ont-of tlic Hlmlvtita of tliv 

MaMiic)iiiBi-lt(> Innlitiilf of Tivlitioltifiy ii* hii fXHiii|jli' <if exrcllent 

quality of lint'. Yjh\\ tint-, evt-ii tn llx' vi-ry Knuillt'Ht.liHu^nioe and 

Imuty. Hya very few. liitMiliilitv to mnkt-Hin-li linen i^i D[NtHlilyac- 

qnin^l — liiitbyn fi-w imly- dllicrf niny Hl>aiii it l<y can'Tiil |>ractic«*. 

Every 11 in- of a ilruwin^ iln- oiiiliiie of tin- Imililin^ and 

each liot) of tli<- rciidtTtii^r. cvi-n to tli<- vi-ry r<li(>rti-i>t tinint bfdono 

fwliii^'ly, jrra*vfiiily. |«wiiivvly. I'mially a 

mtm ••ki '-^ *^ eli|r|it cnrvc if ndviMil'If nnil if loii^ lines arv 

miBl IIiAa u»e<l, a i|iiHVer or Irt-niMe aildii iniieli to tlm 

VUHMipK r.-»iill. tWIi lii.e of a shadow xlmukl have 

a slight prtimurt' of tlio [len at tliu lower 

•od. This [irodu(.-f« a dark edjjt- in tin- ^ou]i of linra that 
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make the shadows, giring definiteness to the shadow and contrast 
to the white light below it. 

Method. The combination of individual lines produces what 
we may term a method. The individnal line may be good bat 
the combining may be unfortunate. In making a wash drawing 
DO thought is necessary concerning the direction of the wash, bnt 
in using lines at once the query arises as to what directioQ they 




ESCELLEST METHOD 

shall take. A method is something ooe must grow into from a 
small, simple beginning. The a(x.'onijianying illustration, the 
work of another Massachusetts Institute of Tei'hnology student, is 
an example of rare skill in method quickly acquired. There id an 
utter absence of anything rigid or mechanical in the whole. Ob- 
serve how softly the edges of the drawing merge into the white ot 
the paper. The vigor of the drawing is gathered in the dormer 
itself. 
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Vertical Lines. 

'im|'l(>t iii'-i)iiN,l j 



. ..1.. 
tiiiufxi bv tliu UK* iif iho 
V(irtical line. If^onwdnW' 
itip mn 1k> niiMlti piitirt-Iy 
l-y llii* nKwiu. Sw Ki^. 
'■i, evtTj- lint' of wliicli i^ 
vi.rtii»I. Tlii« illiwtntu-* 
tliL> rnliii' of A ({dchI indi- 
vidnal liiif. It will In* 
otMsrvrd tlisl iiltti<>ii)j:h vnr- 
tii^, tlicMt litif* itrv Dot 
M-n-rv)^ etnti^ht anJ stiff, 
thijij inriuUit > IUiIk, or 
li&re m *)i^Lt eii^*«iion 
of m carru. lu tlie abwl* 



t.a>..^ 





TEKTKAL LtSR UKXnOD. 
nw at ttit* liottoiii of ibe 
dnwiiifi; vai-li line it em- 
phmdin'vl at (Ih* top bj a 



g ^j__ ^^^B^'-^^f order (o Mifu-n off tW 
BG^H ■' I ^ ^'"u <^Rva of tlie drkwingM a 




Pig*. 
PBKE LINE METHOD. 



bulv. 

Fret Lines. Fin. * 

•bow* Btiuihor uiothcMi. 
Tb« Tvrljca] linu U dtt. 
ordwl ftiid tli<( frrcvt jmc- 
■Ibltf titw i* uwd. No 
HUf dinTtidii in fiiltowcd, 
but tbt* liiifH pt in aiiv 
or»ll din>o(ionB. Wbivb 



RENDERING 



istliobtitU^niiutboi]! The answer doiibtlesB mnst be ihut iho frt» 
method i» tht- least consjiicuoUB, It is better adapted for genenU 
use, in thy Bhowiug of viirious surfaces and textures. 

VARIOUS KXAMl'LKM OF HAI» MKTHODS. 




Short brokpn 1 ne result ng n 
a spotty effp t a fn It c mnon 
w th hegjnnpr Vi « b te epa ee 
between the ends of the 1 aes are 
very consp 



The opposite in character to A. 
1»ng, unbroken lines, but no bi>- 
veroly straight aa to bo harti sail 
dry in general appearaoce. 




Short lines, individually they 
may be very good, a.'* thoy curve 
freely, but the combination is 
tussy and finnicky. 



Direction of line not bad, but is 
rather too coarse to be agreeable. 
Wide spacing of lines on light por- 
tions add to the coarse result. 



These illustrate four bad methods. A has the least merit, the 
others approach to a fair rjuality. In E an effort is made to avoid 
all the faults shown in the otliers— the short or severely straight 
line, the over labor t;oiiil>iiiiitLon of 0, and the coarse line of D. 

LIGHT AND SHADE. 
Values. If several lines are drawn parallel and quite close 
together, but not touching, a gray, or half-tone value is the reeult. 



LiD44 ilrawii no clitsf toj.'i'th(r tliiit llic ink "f <>r»' niriB irild tlint of 
tbt> othiT, with liltttt or iiu wliit.- ^\<si-'<- U-lwf.-ti. yivc a Miu-k 




vatne. The white uf the [wijkt imtoni'liiil hy tin* [leii pveti b 
Tliile vnhic. Fi^'. 5 sIikws (hiIy tuo \itlii<'>i hhx-k niu) whitf; 
¥\fi. (> sli'O li:i.H iwo. — jrriiy 

■till white; Ki^. 7 liiitt iht- ^_ ^_^_^^ ^^^^ _^ „„ ,. _,.. 

three, — bluok-, jrray aii'l white. 
The lirrit id \iHTAi, the ii.-<-..ii<I 
ia ]<aW\ RiiJ the thinl ^eeinn 
most nalisfjii'toM, 

This in «H.fe ml.- (..follow 
- (let ill III ('Very li'U ilrav^iiii;. 
hl«ck,pniy iiml wliiie. IMi- 
■Ilj. ill eiirly atl«iii|.i-, there 
i(ftU-[i<)encyluomit tli-l'Iiiek. 
I>x>k for the |>hu'o in the 
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iiRV» AMI WIPTE. 



llt^li'K.I>IIA\ AND nillTC 



<* * 



10 

drawing whei-e i 
too maok of it. 
way in atrengtli 
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a are not'^iwiyt^^^^^^l 



; ; yoa a 

;ray 1h< ratlier light, mid* 

k. A heavy half tone ia 




a dftngeroas valae. The black may often grade off into the gray, 
or there may be diBtinct fields or areas of each valoe. 

UsbtlDs. The first thing to consider in the tendering of an 
architectnral sabject is the (loosing of the direction of light. 
Sometimes when the building is tnnied well to the front, showing 




Fig. 9. 
ALL IN LIGHT. 



a sharp return of the end, it may be best to pat that side in shade, 
Fig. 8, but it ia not necessary. Values may be obtained by other 
means such as by shadows, or color of material. It ia not 
wise to attempt a heavy renderin£r in pen worlt, Usoally it ia safer 



KKM>KK!N<J 11 

tu kc«>j) iKttli hMi'a of till- liiiiklin^ in lifilit :tH mIiuwii in two of ihfw 
skftclit-K, Fi^e. '.i and UK 




Cohir of ilaterial. < )tj<- <•( tin- nicutis l>_v h liidi valiuii may t>«> 
ri"liii'>''i iiilo :i nii.i.-riny. i- Lv .■..ni.i.i.-rin^' llu- color of tin- inn- 
Ul ,.r wl.i.'li II..- Imil.iin^ is c.m.irm'I.-.l. 




Ill thin f\iini|>lf, Kii;. 1 1, »<■ nmy tirht iim* tlit> brii-k vhIIs u 
It jiliiiv to l<>i-»tt> II ^r:i_v viiliir. In lln- i«H-*iiit) f\atii]>li\ Fi^r. 13, 
lL(> riMtf ill UM-U fur tin.* miiiu' vulm-. For (hi' very dwrk or Idwck 
rtlue we mast dppentl on thv etiuluws. Nritlier od« of thetv itnw- 



RENDERING 




Fig. 13. 

A COMPROMISE. 



both walls and roof wonid destroy the white value, and the white 
value muBt not he loet. Fig. IS shows an attempt at a compro- 
dise. 

Shadows Only. The BimpleBt means for obtaining values ia 
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by the ii!«e of liliiiilowM. Soiiirliiui-^ tin- ^lllld»WIt iiluiit.* will com- 
[ilolt* » tjniwini; in it very .■wilisfiicturv iiiiiiiii.T, »» in Kifj. H. 
Soiiir iiF till* ttliitiliiwx limy 1h' iiiiiiit' ^'riiy, and utbiTH tilm-k oi nearly 
wi, in uniiT t>> ;:i'l tin- in-iilt-ii iiiricty in 
■■ilii.'i. 



A l.uiMin|.lili.-lliiii ,li„«n in 1 if. I''. L 

Til.' Al,l.-n 1I.,||~.. i. not fiivi.nil.l,- In Sfr ,^-;\ 

.liinlnMs ..lily. Ii l,a, nn |..nl, nr ..lli.f I - a T'f'.* / ift 

|.r.ij...-lic.n Hillic-in.lly liir^.- l.i .-a.l i. ',•1*1^4,''^ , 

•""<v -i" «■ I" -"'I' i'ti- ■'kai>?.';i<i 

.m-s,..iy li.l|» ,11... .ml ..tlli,-.lilli™!ry, l:.!!*"; L'.JVT'V 

Hti.l A lilt!.. n.ti.]..|ii.f ..f ll... nnit..riiil ^ iv.'-... • iSSmit f'VMti 

n.-.,l..l Inilf 1 llll,..™i«..ll.,. .Ir.iw. I' S''j|i.L F-vJ 



KiK. It. 



in|;u..nl.l I.. I... »l.il... ' | 

Principality or Accent. \V.. tniwinitcr ' * 

|,l.. nil.. Mill I.. p...n ami il„.r,. i, n. > 

nmr.. nw-fiil. I...I lli.r.. U. .ni.- |il;n... in 
llii..lni« ill,; »l,..r.. i> ..|r..iisr 1..T.11I i.f Lliii-k .Inill ..xist. Ic iimv !»■ 
on.. Iilink, ..r il nii.y 1.- 1. t.r..ii|. ..( ili.ni. Tliin ii..,...|it «iil I., 
found ill n.arly ..v..ry illii>tniti.ni in lliis |rti|».r. It i.- n>n»llYlH-Ht to 




ir..lll„. ;„.... mill il„. Iniil.li.,^ ,: .!(. I.> ,1 1 ,.f Iiirf- -li.id. 

..»■ |..|1,:,|... Inn «l,..n il.cr.. i- „.. .-I.an.-.. (..1 llii- ii nn.^ 1.. ii...v«. 

-:iry In fl il in .... — n, -..,1. :,. f.,|inf... Tl.i.'i. -l,..»l 

in l-if. 1.;. „ .ir,,„i.,f „f .. I.:„n. 1„ ,n„.,i,.n uiih i|,i, 

liWl mom l,t lli.i,. 1... a Inrn.. »l,il,. i.r. n il |..,.-il.l... A JTinci. 
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t>al white, ea wt*II iu« a |>riiu*i|)Hl Murk ih thuB obtained. Moc^t 
drawings j»eriiiit the dark aoivnt and tlie li^li* an»a al^o. 

Fip. 17 18 rtMHlffiHl to a jxrf»t**r t*xt*»nt tlian should Ik* at- 
tenipttHl liy the student in tliin cournf, hut it may Ik? helpful to 
call attention to some thin^8 in its eoin|H>sition. 

r 




FiK. IC. 

TIk* hn^ation of tht* dark aeeent is a|»|Mirent in the trtvs at the 
left. Tlie other lilaeks, the tnM»8 in front of the iHiildin^ and 
those down at tlu» extreme rij^ht, simply re[»«»at in diminisliin^ 
foree and nizt*, this first dark a<vent. Tin* li^ht area of tlie draw- 
ing in an distinetly shown as tlie <i};rk aeeent; in faet this largi* 
light is the featun* of this rendi*ring. The light l»riek rendering 
of tlie gahle is nwessary to eontine the light a litth* inori* sun»lv 
to the im|iortant |K>rtion of the wall. Also, if this light n»ndering 
wen« omitttni the huilding would ap|M*ar unpli*asantlv white. 

Tlie half tone of the nnif is n*vessarv to give a soft contrast 
to the light wall surfare. The sky has its us<». Cover it up, and 
•ee how the \\h<»le snhjeet slumps downwani. 

I-4ist, hut not U'ii>\, iih^Tve that the c'orners of the drawing 
•re kept fn-e fmm rmderiiig. Thi^ i?^ usually safe. l^»t the 
rendering of every sort gjither uImmi! the eentnd ol>jtvt. Tlie cor- 
ners of a drawing m»^ tluMi )h* left to take cart* of thems<*lvtni. 

PKNCIL WORK. 

A |teneil is a <|uiekt*r mt*<lium for the rt'udering of a sketch 
than a |n-ii. A |ieiieil ^keteh may U* madt* din*<*tlY on a itht*«*t of 
draMing |ia|ier, an<l ef»mpleti*<i on that same she«*t. Ihit it in 
nt*Ater to first draw tin* |n'rs|ii*eti\i* on hiiMM»tli white inttM^r, then 
placv Allm traeiiig |iajn*r over this outline, and trace and rt»nder. 
liy this means all constructioQ lines in the layout cao be omitted. 
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■RENDERING 



011(1 tlie sunny edge of proji-ctioiis cun be left out, tlius )iddiil| 
greatly to the brightness of the tlriiwinfr. 

Use a aoft jjeucil for rendering, a BB or eofter. If the drawJ 
ing is to tie much bandied, Bjirny it whh fixatif. Trim the sketch* J 
lightly gum the comera, and lay on wbitD card with good tnargio. i 

SUMMARY. 

The following Bumniary of advice for the rendering of work i 
generally, with pt-n or peni-il may be found helpful. 

1. Consider the direeticn of the light. 

2. Discover in the outlinu before you. the opportunity for a 
leading dark aeeent. 

3. Look out also for the locution cf a large light ari?K, 
■i. Put in shadowa. 

5. Get at least three distin;:t values; black, gray aud wliito. J 

C. Consider the color of roof or t'le wall, and if neoesisai^.f 

use one of them or portions of eatrh for a gray valne. 

7. Use a very free method. 

8. Keep reuderiiig out of the eornerB of the drawing. 




SCHOOL HOUSE* 




tbat 



here used that la very frequestl; 
of a lajge light effect on thu ti«ar 
, but one of guod areu. Tha color 

ignored is order to get, this largo 

thoughtfully around it. 

he leading; dark value, in the tree, 

windows, shadows, ete. 

up agreebbly, just enough to bal- 



to , strive for I direetloa aad to avoid a hard liney 

ver poaaible the i ay bb axe not drawn in by a line, the 

rendering itself producing sufficient definition. Again, note tb« distinct 

values, black, gray and white. 



* Tba lllustntiou rafwred tc 



U be toimd on thi bock o( thia pi 



DELBURy CHURCH* 



As ever recommeniJed, a tree flowing line and method ore ua^ In e\ -ry 
pari ol the drawing. On eunny cdgi'a (sen buttresses) the Uae is omitt«d 
entirely. 

As to differenoe in vidues, th« black, gray aod white are diaiincUy 
marked. 

In tompotiition, the large black of the tree ia the leuiliiig ocoetit, and its 
black ia repeated in small areas in VAriuus parts of the wurk. 

The subject affords na weJl a large loading light on lliu s.Uii> of (hi. 
tower, repeated iilsn. 

Again [and thia Is very Important), the comera of the drawing are Mt 
untouched, which gives a quiet grouping of all the values. 

■TbetUuatralionreterred U> will be found oa the back of thl> paget, 




A STUDY IM PEN A>~D INK RBNSSRING 

For criticUtn of this drawing see back of page 

Ins by Herbert Kaltlon, an IIIuHlratiDn in (hi: English TlluBtralPd Ma^a 
Igle entitled "Cuachinii Days and Cnactaius Wavs," Macmlllan tCu- 
ilisheni. by permissioii. Tbiscopy made by J. A. Kane. I'eu and 
Ink Class. MassachuHMls Inatllule of Tcchuoloity. 
O.A.c:reKir,T«!aclier. 




THE BEAR AT DEVIZES* 

RrobaUr no draftsman living can siupan Horbert Ra&ton In briUisnt 
technique, the Iree use of line, and ingenious method. His work ia espedaU; 
adapted to architectural illustration. 

It will repay good effort to copy this tritb care. This eopy retaina 
most commendably the spirit of Hx original. Observe tlie absence of puidj' 
itraight Unea, and the great freedom used in all outlines. 

• The Uluatntkin rererred to will be toUDtl on the back of thti IM*» 
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EXAMINATION PLATES. 

Before attempting to render the drawings in ink, the atudent 
is advitfed to practice lK>th with |N*nciI and ink, as such practice 
will prove a good investment of time. 

PLATE I. 

In order to get quickly into the practice, the student will be 
asked to make a copy of thin rt*ndering. Fig. A. Ilo not try to 
copy too exactly, but use the name frtHiiom. 

Observe that the dark accent is olitaincd by the large shadow 
and the end of the long shadow just over it. The dark rendering 
ill the window is brought into the gn>up also. 

Having thus foriiuHl tlu* acvcnt, it is best that the shadow 
under the IummI in the nxtf should Ik* made rather light, lest it 
come into c*i»m| petition with the |K>rch shallow. If the student 
prefers he may make it a tritic darker than here shown. 

A little claplN>anl n*ndcring is put in on the left, to make 
still mon^ evident the large light, which occurs mainly on the roof 
but at the same time takes in other white sjxaces at that end of the 
drawing. 

PLATE II. 

This subject introduces a nM>f n*ndering, also a simple treat- 
ment of windows and blinds. Hen* the nx>f s<*rves as a half-tone 
value. The shadow of the eaves and some of the blinds are the 
blai*k values. To get the dark ai*i*ent, the nearest blinds and the 
near |»ortion of the hluidow on the eaves art^ made very dark. 

Tlie shadow under the |K>rch shows how safely much of the 
detail of the door itself miiv Ih« omitt<*il and not Im missed* A broad 
treatment is U^tter than a fussv one. ()bm»rve that the roof lines 
are made as fnn* as |iossitiIe, avoiding a straight, w*iry line. 

After copying this plate original work may be attempted. 

PLATES 111 AND IV. 

Make the shallows only for the first n^ndering, Plate III, just 
as shown in this value si*heme, Fig. (/. Tlien make a second 
drawing of the same, Plate IV, and give a half tone to the front 
area of the roof, and to the end of the roof a darker value, as 
shown in suggestion in up{ier corner. Finally on this second 
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drnwinp, jmt AP.iianamoiiiitof tvnilrrm^on l)io wall lit llic distant 
riglit, in tlit- sHriio iiiHriru-r aa on I'lale II. Thin will frivn a, lai^ 
wbile Ii<;)it on tlitt walU iican-Ht tilt) ohiHTViT. Tlio lon^ shaduwa 
iiiKltT tlitf i-avcH tdiiiulil bt' dnrkext at tim corner ncanfit the obserrer 
end gradually li^litcn iij' at) it a[)[ir<nc'hcH I'ithpr I'nd. 




Fig, C. <F.m 1'l.*te» III A.tu IV.) 

PLATE V. 

Put in till' ^llnl|IlWll lirr-t. Hot tlii< ncnn-t>t tdiadowNTcrydark; 

tht-n ^'ivi- ft Imirtonv n-iidfring to tbo whole of ihu lirii-k-wall Bur< 

fac<-. I>o nut ink in ih.- liiu-ii at tlit-iilp-Hof thf lirick walls. Let 




tin- I). IF.IH TUATK V.) 

your n-mliTiii^ miikt- lht> i^l^' ai* hhnwn in Ki^. If^. An outtint> in 
nm-h a |iUr<> prixhicvn a nuH-lianit-iil liHikinfr rt-ndiTin^, aaisMivn in 
th«> illuiitralion. Ontlininfr ia al»K>hit<-Iy ntH-Hnnry wbvre tbera 



RENDERraO 



ij DO rendering, but in connection witli it, omit fho outlme, 
posBible. 

PLATE VI. 
The doonvay shadow eelecta for itself the honor of being the 

leading accent; the shadows at left and right simply repeat it in a 
small way. The roof afforda nn '-pportonity for half-lone. The 




Fig. E. 



Plate VI.) 



grass, which may bo rendered as illustrated in the two preceding 
examples, gives also an additional half-tone value. To retain or 
produce a large light area, the stone jointing should be omitted on 
the upper portion of the wall, as indicated in the sebeme. The 
roof may be rendered in a free line method, as shown in the sketch. 
With a good quality of line, and a free, vigorous method, this draw- 
iug will be a brilliant one, as its composition of values is favor-ihle. 
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Thia ends the practice. Only e. 1 
the work — % fouodatiou laid, but it is 



ginning has beea madu 
safe one. What has been J 




Fig. 18. 

taught will be a help to a further pursuit of the subject sboald 
the atudent feel that he has developed sufficient talent to eucourage 
further study. 




.1 in light jith 



INDEX 



39:1 



INDEX 



The pngf numhrrn of thin v.»tumt mil 'n- fnuwi at thr f^Utom of the pages; 

thr numfHrn at th* tnp r»/» ' oul-j M tht- urtum. 



Pim*' 



pn'liininary 



Al|>hulM*t ir<iiiipl«*t«'i 

AlplmU-t of liKMliTfi rapUal litti'P* 

Alph:JM't «»f Ullt'l;*! <Io!hir r:ipitul 

Art'hit***'*"*' !«4';il«» 
Arrhittn-iunil «lt-»i»;ii. 
Ktu<li«*?« in 

i«loiui on pii|MT 

tiif'fh«xl» (»f 

t raring pa|wT. u*** «»f 
An'hit«MMiir:»l <Ir;i\Miii: 

arvhitiH-tiinil <it'M*:ii. pri'lmitii:iry 
MtitlifH 111 

a:;4i* in iir«'liiti*«tur:il ilriwuiK. im- 
|M>rttiri<'r «»f 

rolnniul IioU'm* 

(Ift'initioriM 

(lii^iKn. pr:i«*tn-:i| pnil»l«'ni!« in 

ilra^Aintf iMian!-* 

(IvirllinK. «l<<;>ii;n (if 

i'\hil)ition drauinu'* 

hoiLiw*. varuMiH -tiuj.-. in huiMinK 

inilniinvnt". w* mI 

in«1niin«*iilB Jin«l in.ii«Ti.il.-» 

linr «lr:iwinK 

nwiifnin**! \*Mrk 

«l!^H•^'^, huiMuiK** f«»r 

p:i|MT 

|M'|iriU 

rt'ndcrinK iti u:ii«h 

(liMint-tidii U'twf'f'ii tlifffn-nt 

pl.lIH"^ 

lianillintt Wni«h 
inkinK «lr:i«inK 



117 

l.'iO 

\:a 



47 
47 
47 
4s 

W \\1 



47 

•J I 
71 
•Ji» 

.>! 
\1 
i\\ 

w 
li.". 
w 

17 
W 
7(1 
l:i 
11 



ID 



Tftice 



AHiit«»«'tural drawing irontinunii 
rrndmnK in u:if*h 
hiyiniK utiwlMt* 
niatcniilM 
pn'parin); thr tint 
rcndtTinK rli'Vationn 
n*n«l<TinK Kc<<ti<intt iin<l plaiui 
Mri'trhinK pJMwr • 

-uh(M>l of fint* liiiM, l*arui 

•ikrtrliinK 

inirinfC «'loth 

traritiK p:H>t»r 

tnanfilfH lunl T-tiquiin*« 

tint^^il pH|MTj» 

w:u4liHlr.t\%ing?(. nmt«T)iilft for 

v«iit4T <M>lor liintA 
ArrliitivtunU iiiiMTiption Irttrrinn 
Arrlnt«»<Mur:U IrttrrniR 



36 
3:i 

40 

:i4 

14 

4H 

m 

14 
14 

13 
13 
13 
42 
140 

m:-hw 



tirrliit«M'iurul inj«rripti4»ii IrttrrinK 140 



rl:iM»ir l(<ini:in Irttrm 
Cidthir IrttrnnK 
Irttrr forniH 

n»inu!«riil«* or itinoll IrtU^ni 
otfin* l«>tt«*ntiR 
••pHi'tnK 
Av-j* in nn-hitiTlural «ir«winn, ini- 
|Mirt:in«*<* of 

lunitinK linttt 

uMMlt'Iinic 

i»)ili(pi«* pn»j«'<*tinnj» 

^h!Ml(mA at 4J» «li«Kni'« 

Vllltl<*ll 



H 



142 
I .Ml 
116 
13H 
115 
137 

21 

25 

2H 

26 

2H 

29 



M 



lialufttiT 
hl(N*k-!i'ttiT alphalMa 



25 
15U 



Sott ^For |Mi|yr t«i«fth«-ra are /«»'»f ».' ^•IK*- 



395 



2 


INDEX 


■ 




•^e-^ 




Fm 


c 




Dwelling, design of (cuutiniioi} 








PcUar 


6* 1 




M3 


closets 


lU 


Classic Roman iiiBcriptioiia, fntgnienta 




dining room 


63 


of 


1-14 


hallway 


ei 


Classic Roman lelWra 


142 


kitchen 


63 


Colonial house 


71 


lavatory 


« 


uttJR frHmiDg pluQ 


87 


living rooms 


62 


altie and root plan 


SI 


number of rooms 


61 




7li 


rf^frigurator 


63 


raudiiiona 


71 


sitting room 


63 


elevations 


72 


staim-avs 


63 


first-floor framing plan 


87 


BtorTOom 


M 


first-floor pliui 


76 






framing of front, elpvation 


03 


E 




framing of side elevation 


93 






front elevation, detail of 


85 


Elevations, definition of 


21 


front and side elevations 


81 


English Gothic text 


141 


kitchen, pantry, awl china cloact 


97 


English I7th century lelU-rs 


from 


main coroice and dormer 


97 


tombstones 


l.W 


plana 


72 


Erasers 


11 


plumbing 


97 


Exhibition drawinga 


50 1 


porch and front entrance 


105 






roof framing plan 


93 


F 




■ aeeond-floor framing plan 


87 


Freehand drawing 


165-226 


^^^^^^^H second-floor plan 


78 


definition of 


164 1 


^^^^^^p 


71 


exetriaes (firsi) 


13! ^ 



staircase and fireplace details 
trim on first floor 
uniform titles for drawings 
useful memoranda 
window frames, detail of 
Curves 



Deeign, practical problems ii 
composition 

criticism 
ornament 

theory of 
Distortion 
Drawing boards 
Dwelling, design of 

bathroom 

butler's pantry 
Nole. — For page numbert ten 



circles and elbpsea 
freehand perspective 
elate, tracing on 
slate, testing with 
straight lines 
freehand perspective 
concentric circles 

cross hatching 

cylinder 

drawings, testing of 

equal spaces 
examination plates 
foreshortened planes and Ii 
form drawing 
frames 

hexagon (regular) 
horizon hne or eye level 
horizontal circle 



INDEX 



3 



I'lMf 



Frec*hAiyl cirawinc fcimtimjcil) 




frtH^iand iM»n«|MTtiVfj 






light and ahaile 




KM 


olijcrta 




UN) 


fiarallcl linr« 




1S2 


pniun 




1S4 


nhiuli* liiuii 




IW 


fthafiiiiK 




ll»s 


iw|uan» 




1S2 


t49*tJ«. IIIMllJir c>f 




llKi 


trmiiKli* 




IM 


valuv (Irriwiiifc 




IIM 


valtir fM-iUi* 




lUo 


valuiM 




19.'i 


k»Anuiij( t4} Hoo 




ItVS 


DlAtoriiilll 




170 


hoMiiiK |M*nril 




172 


fm|M*r 




17J 


(M*nriU 




17(1 


(MMUtion 




17a 


oiitlinn 




KW 


platoA 




20\-2-2t\ 


rmtmint in 




ir,7 


vmJur of 




l(k> 


O 






OfTman hl.vk lHt4*ni 




i:>s 


(lOthir li*tt«TinK 




l.VJ 



«»7 



II 



Iloiiiir, rahoiH ht.-uto^ m tmiMinic 
contmrt. I«»tiiiu{ <»f 
fullHUio <l«*t:til!« 

ukrtrhffl 

(rarinK ami hlui^-prmtinic 

'A*orkinK drawmR** 



I 



Inaeription lrtt«T w»rtionA IVi 

Italian hlm-k l«'tt4*p« I till 
Italian Hi^naivciniM* in<w*n|>tiori. ( *tii- 

arnv«llr \hU*\ xu Mil iii l.VJ 
Italian Hi*nAi*w»anri ni^ riptioTt fr.i|[- 

mrnt of I p.) 

Jb'ol€.— A or f^Offr numbrrt »re /<>of of pagtn. 



Italian HrnaLwanf^o innrription at 

lioloicii:! I5'{ 

Itnlian UotuuMantv Icatcring 152 

L 

\a'\u*t fornix 116 

ii<lvorti.HiiiK announcement 135 

zi<lvtTtb*ii»K ilt*«uKn 131 

(ilph:tlM>t 117 

)MM>k rovcr 130 

coviT annouiHi'iih'nt 132 

(irauiMR for < Mis in«>monal arch 13t) 

lt:ili:it) Kcrinw*v:infM* !ilphalM*t 121 

h'ttiTH for arrhitiMMiiml offuv iim» 125 

MtlKl(^llIl(> W'xUc IctliT!* 126 

"8ktl«*t<m" roiLHtmriion of lottcm 122 

title p:iK<* 134 
I>'tt4Tifm fn>fn hnmi<» plat«» in Catht^ 

ilrril Chunh r»l Wiirihiiric 151 
I^'ttrriMK from llarviinl arrliit<»rtural 

l)iiiMin)C 146 

Ijiic «tr:iWif)K 17 

rhxirartrr of line 17 

M 

Moajiiirfil work 53 

iipproMiimtionrt 55 

«r«h«-H M 

(t:itiiiii lin<*4 53 

«*lcv:itii>ii ni(*:u«itr«'fn<*ntii 54 

liaiitl l*\«l 5^1 

iiiiir«'«*^-ilil«* iMirtum.i 55 

tiiHtt-n tU 53 

rii*:tHiiriTiii: ttft|M*fi 53 

pn»j« f tioti^ 55 

riil>l>iiik;'4 55 

Mfx-HMP-*. Iiti*-^ of 257 

awvili ir\ lirir of 2*'>7 

Miii'i-wuli- or '•tnrill l«»tt«*ni 13H 



O 



< >hli<)>i*' litH**. v.ini«hinK (MiintA of 2*^1 
Offt... |..tt«riim 11 A 

< Hfu'i-*. ImiiMiukh for 7tl 



397 



